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Summary and Conc lus ions 
S umrnary - 
T h i s  r e p o r t  i s  devoted t o  t h e  s u b j e c t  o f  s i d e  impacts t o  passenger 
car!; as observed i n  t h e  F a t a l  Acc iden t  R e p o r t i n g  System (FARS) f o r  1979, 
and t h e  f i r s t  phase o f  t h e  N a t i o n a l  Crash S e v e r i t y  Study (NCSS), b o t h  by 
t h e  N a t i o n a l  Highway T r a f f i c  S a f e t y  A d m i n i s t r a t i o n .  
The r e p o r t  i s  i n tended  t o  d e s c r i b e  t h e  phenomena o f  s i d e  impact  
w i t h  r e s e c t  t o  where, when, how, and why they  occu r ,  To a  l i m i t e d  
e x t e n t ,  t h e  c h a r a c t e r i s t i c s  o f  occupants o f  s ide - impac ted  v e h i c l e s  and 
t h e i r  i n j u r y  consequences a r e  r e p o r t e d .  The d i s t r i b u t i o n s  observed i n  
t h e  two n a t i o n a l  d a t a  s e t s  shou ld  s e r v e  as a  b a s i s  f o r  c o n s i d e r i n g  
methods o f  r e d u c i n g  i n j u r y  t o  occupants o f  s ide - impac ted  c a r s ,  and f o r  
j u d g i n g  t h e  a p p r o p r i a t e n e s s  o f  v e h i c l e  d e s i g n  m o d i f i c a t i o n s  and 
a s s o c i a t e d  t e s t s .  
The t o t a l  number o f  occupants  k i l l e d  on s ide - impac ted  c a r s  i n  1979 
was 5,930, o r  24.8% o f  a1 1 passenger-car occupants .  O f  these,  30.4% 
were k i l l e d  i n  s i n g l e - v e h i c l e  a c c i d e n t s .  O f  a l l  passenger ca r  occupants 
i n  t h e  NCSS da ta ,  1.4% were i n j u r e d  a t  t h e  AIS-4 l e v e l  o r  g r e a t e r .  
32.3% o f  such i n j u r i e s  were t o  occupants o f  s ide - impac ted  c a r s .  O f  t h e  
occupants o f  s ide- impacted c a r s  w i t h  an A I S  o f  4  o r  g r e a t e r ,  34.3% were 
i n  c a r s  s t r u c k  by another  c a r .  46.1% were i n  f i x e d  o b j e c t  c rashes o r  
c o l l i s i o n s  w i t h  heavy t r u c k s  o r  buses. The r e s u l t s  f o r  t h e  s i d e  impact 
f a t a l i t i e s  i n  F A R S  a r e  s i m i l a r ,  w i t h  30.8% f rom impacts w i t h  o t h e r  
passenger c a r s ,  and 50.0% f rom s i n g l e - v e h i c l e  a c c i d e n t s  o r  impacts w i t h  
heavy t r u c k s  o r  buses. 
Among f a t a l l y  i n j u r e d  occupants  i n  s i d e  impacts  r e p o r t e d  i n  FARS, 
15.5% were e j e c t e e s .  For those  i n  s i n g l e - v e h i c l e  a c c i d e n t s ,  22.5% were 
e j e c t e d ;  i n  m u l t i - v e h i c l e  a c c i d e n t s  12.5% were e j e c t e d .  Cor respond ing 
f i g u r e s  f o r  s e r i o u s l y  i n j u r e d  (AIS = 4+) occupants  i n  t h e  NCSS d a t a  a r e  
26.8%, 39.1%, and 21.9% r e s p e c t i v e l y .  78.6% o f  a1 l s ide - impac ted  f a t a l  
e j e c t i o n s  i n  t h e  N C S S  d a t a  were occupants  o f  c a r s  i n  s i n g l e - v e h i c l e  
c rashes,  o r  t hose  s t r u c k  by l a r g e  t r u c k s  o r  r a i l r o a d  t r a i n s .  I n  such 
crashes,  44% o f  a l l  f a t a l i t i e s  were e j e c t i o n s  even though o n l y  4.3% o f  
t h e  occupants  o f  such crashes were  e j e c t e d .  
T e s t s  wh ich  e f f e c t i v e l y  s i m u l a t e  s i d e  c o l l i s i o n s  between passenger 
c a r s  wou ld  n o t  address t h e  b u l k  o f  t h e  e j e c t i o n  prob lem.  C o l l i s i o n s  
w i t h  o t h e r  passenger c a r s  accoun t  f o r  o n l y  32.3% o f  t h e  e j e c t i o n s  i n  
s i d e  impact ,  and o n l y  19.0% o f  t h e  f a t a l  e j e c t i o n s  i n  t h e  NCSS da ta .  
S i n g l e - v e h i c l e  a c c i d e n t s  account  f o r  45.1% o f  a l l  e j e c t i o n s  and 47.6% o f  
t h e  f a t a l  e j e c t i o n s .  impacts w i t h  l a r g e  t r u c k s  p r o v i d e  ano the r  21.4% o f  
t h e  f a t a l  e j e c t i o n s .  
W h i l e  impacts  i n v o l v i n g  o n l y  t h e  f r o n t  o r  r e a r  o f  t h e  s i d e  (and n o t  
t h e  passenger compartment) accoun t  f o r  49% o f  t h e  occupants  i n  s i d e  
impacts,  t h e y  account  f o r  o n l y  21% o f  t h e  i n j u r i e s  o f  A I S - 4  o r  g r e a t e r .  
Occupants o f  c a r s  w i t h  damage d i s t r i b u t e d  f rom t h e  f r o n t  t o  t h e  r e a r  
areas have t h e  h i g h e s t  p r o b a b i l i t y  o f  s u s t a i n i n g  AIS-4 o r  g r e a t e r  
i n j u r i e s ;  seven t imes as g r e a t  as f o r  occupants  o f  v e h i c l e s  s t r u c k  i n  
t h e  s i d e  f r o n t  o r  s i d e  r e a r .  2.3% o f  n e a r - s i d e  occupan ts - - those  sea ted  
on t h e  s i d e  wh ich  was impac ted - - rece ived  i n j u r i e s  o f  AIS-4 o r  g r e a t e r ,  
compared t o  on1 y 1.4% f o r  f a r - s  i d e  occupants .  
N e a r l y  two t h i r d s  o f  t h e  m u l t i - v e h i c l e  s ide - impac ts  had impact  f o r c e  
d i r e c t i o n s  o f  e i t h e r  two o r  t e n  o ' c l o c k .  Two t h i r d s  a l s o  had r e l a t i v e  
v e h i c l e  head ings  o f  n i n e t y  degrees,  s u g g e s t i n g  t h a t  t h e  most common 
s i d e - i m p a c t  c o l l i s i o n  i s  a  c l a s s i c a l  i n t e r s e c t i o n  a c c i d e n t  w i t h  
a p p r o x i m a t e l y  equal  v e h i c l e  v e l o c i t i e s .  S i n g l e  v e h i c l e  impacts  have 
dominate  f o r c e  d i r e c t i o n s  o f  t w e l v e  and one o ' c l o c k  f o r  r i g h t - s i d e  
impac ts ,  and t e n  and e l e v e n  o ' c l o c k  f o r  l e f t - s i d e  h i t s .  Fur thermore ,  
t h e r e  a r e  more s i n g l e - v e h i c l e  impacts  t o  t h e  r i g h t  s i d e  than  t o  t h e  l e f t  
s i d e .  T h i s  asymmetry o f  d i r e c t i o n ,  t o g e t h e r  w i t h  t h e  h i g h e r  f requency  
o f  r i g h t - s i d e  impacts ,  p r e s e n t s  a  quandary as t o  t h e  " b e s t "  
c o n f i g u r a t i o n  f o r  t e s t i n g  t h e  c r a s h w o r t h i n e s s  o f  passenger c a r s  i n  s i d e  
i  m p i s c t ~ .  
C l i n i c a l  rev iews  were conducted o f  53 f a t a l  s i d e  impacts w i t h  64  
f a t a l i t i e s .  E x t e n s i v e  i n t r u s i o n  i n t o  t h e  passenger compartment was 
common. I n  s i n g l e - v e h i c l e  c rashes,  and a l s o  i n  two v e h i c l e  c rashes w i t h  
a  l a r g e  t r u c k  as t h e  i m p a c t i n g  v e h i c l e ,  n e a r l y  h a l f  o f  t h e  f a t a l  
occupants  were e j e c t e d .  By c o n t r a s t  , t h e r e  was r e l a t i v e l y  l i t t l e  
e j e c t i o n  i n  c a r - c a r  c rashes .  a  r e v i e w  o f  t h e  r e l e v a n c e  o f  r e s t r a i n t s  t o  
t h e  f a t a l  i n j u r i e s  suggests  t h a t  between 25% and 58% were r e l e v a n t .  The 
range o f  u n c e r t a i n t y  o f  t h e  p o t e n t i a l  b e n e f i t  o f  r e s t r a i n t s  r e s u l t s  f r o m  
t h e  s u b s t a n t i a l  number o f  cases w i t h  i n j u r y  d a t a  i n s u f f i c i e n t  t o  make a  
j udgemen t . 
Conc lus ions  - 
Side- impacted passenger c a r s  a r e  d e f i n e d  i n  t h i s  r e p o r t  as those  
c a r s  f o r  wh ich  t h e  f i r s t  impact  i n v o l v e d  d i r e c t  damage t o  t h e  r i g h t  o r  
l e f t  s i d e .  R o i l o v e r s  c o n s t i t u t e  a  sma l l  p r o p o r t i o n  o f  these,  b u t  t hey  
have been e l i m i n a t e d  f r o m  t h e  a n a l y s i s  p resen ted  he re .  The  l i k e l i h o o d  
of an occupant's receiving serious injury (at the level AIS-4 or 
greater) in a side-impact crash is about 40% greater than in a1 1 other 
crashes taken together. Twenty-three percent of all reported passenger 
car fatalities result from these side impacts. 
Within the side-impact group, impacts by other passenger cars 
account for only one-third of the serious injuries and fatalities. 
Impacts with heavy trucks or fixed objects produce about half of such 
1 osses. 
There is no single impact type or configuration of relative heading 
or impact force direction which represents a large fraction of the 
casualties in side impacts. Some identifiable groups are (1 )  single- 
vehicle impacts with a force vector direction of 1 or 1 1  o'clock (13% of 
the ser i ous injuries and fatal i ties) and (2 )  impacts between passenger 
cars with a relative heading or 3 or 9 o'clock (21% of these 
casual ties) . 
Occupant ejection from the vehicle involved in a side impact 
remains a substantial problem. Over 15% of the side-impact fatalities 
in FARS, and 2 7 %  of the A I  S-4 and greater casual ties in NCSS are 
ejections 
The potential for increased use of current three-point restraints 
in preventing fatality cannot be determined precisely without much 
better reporting of the details of fatal injuries and their sources. A 
clinical review o f  NCSS fatal cases suggests, however, that no more than 
58% and possibly as few as 25% of the fatal i ties would be prevented with 
universal restraint usage. 
An o b s e r v a t i o n  t h a t  pervades t h e  s tudy  i s  t h a t  s i d e  impacts 
r e s u l t i n g  i n  s e r i o u s  i n j u r y  a r e  d i v e r s e  crashes,  and a r e  n o t  e a s i l y  
rep resen ted  by a  s i n g l e  t e s t  c o n f i g u r a t i o n .  The p r o x i m a t e  cause o f  
i n j u r y  i n  these cases i s  s i m i l a r l y  d i v e r s e .  

1.0 I n t r o d u c t i o n  
T h i s  r e p o r t  i s  one o f  a  s e r i e s 1  devoted t o  t h e  s u b j e c t  o f  s i d e  
impacts as observed i n  s e v e r a l  s e t s  o f  a v a i l a b l e  a c c i d e n t  d a t a .  I n  t h e  
p r e s e n t  r e p o r t  major  use i s  made o f  b o t h  t h e  F a t a l  Acc iden t  R e p o r t i n g  
System (FARS) as p repared  by t h e  N a t i o n a l  Highway T r a f f i c  S a f e t y  
A d m i n i s t r a t i o n  (NHTSA) , and o f  t h e  N a t i o n a l  Crash Sever i t y  Study (NCSS) 
f rom t h e  same agency. 
Analyses i n  t h i s  r e p o r t  a r e  c o n c e n t r a t e d  on s ide - impac ted  passenger 
c a r s ,  and i n c l u d e  b o t h  s t a t i s t i c a l  t a b u l a t i o n s  and case rev iews .  N C S S  
d a t a  f rom t h e  f i r s t  phase o f  t h a t  program o n l y  a r e  used, i n d i c a t e d  i n  
t h e  t a b l e s  as "NCSSl". L a t e r  cases f rom Phase 2 N C S S  i n c l u d e  l i g h t  
t r u c k s  and vans as case v e h i c l e s ,  and these  w i l l  be  i n c l u d e d  i n  a  
subsequent r e p o r t .  F A R S  d a t a  f rom 1978 a r e  c o n s i d e r e d  an a lmost  
comple te  s e t  o f  U. S .  f a t a l  t r a f f i c  a c c i d e n t s ,  and as such p r e s e n t  no 
i n f e r e n c e  d i f f i c u l t i e s .  NCSS da ta ,  on t h e  o t h e r  hand, emanate f rom a  
judgiment sample in tended t o  r e p r e s e n t  t h e  a c t u a l  u r b a n / r u r a l  mix  o f  t h e  
U. S .  towed passenger c a r  a c c i d e n t s .  NCSS d i s t r i b u t i o n s  may be looked 
a t  as a s u r r o g a t e  f o r  a  n a t i o n a l  p o p u l a t i o n  o f  towaway passenger c a r s  
w i t h  some r e s e r v a t i o n s .  The problems o f  d raw ing  i n f e r e n c e s  f rom t h e  
NCSS d a t a  a r e  d i scussed  i n  some d e t a i l  i n  a  r e p o r t  t o  NHTSA.l 
F A R S  D a t a a n d  S ide Impact C o l l i s i o n s ,  J .  O'Day and R. Kaplan, 
~ n i v ' e r s  i t y  o f  M ich igan  Repor t  UM-HSR 1-79-36, June 1979. 
2G imot t y ,  P . A . ,  Campbell, K .  I., Chi rachava la ,  T., Cars ten,  O . ,  and 
O'Day, J. S t a t i s t i c a l  A n a l y s i s  o f  t h e  N a t i o n a l  Crash S e v e r i t y  Study 
Data, F i na 1 Repor t  . HSR I , August 1980. Repor t  No. UM-HSR I -80-38. -
Sponsored by the  N a t i o n a l  Highway T r a f f i c  S a f e t y  A d m i n i s t r a t i o n .  
C o n t r a c t  No. DOT-HS-8-01944. 
Th i s  r e p o r t  i s  in tended t o  desc r i be  t he  phenomenon o f  s i d e  impact 
of passenger ca rs  w i t h  r espec t  t o  where, when, how, and why they occur .  
To a  l i m i t e d  e x t e n t  the  c h a r a c t e r i s t i c s  o f  persons i nvo l ved  i n  s i de -  
impact acc iden ts  w i l l  be repor ted ,  as w e l l  as t he  i n j u r y  consequences o f  
s  ide- impact  crashes. The d i  s t r  i b u t  ions observed i n  these two' n a t i o n a l  
da ta  se t s  should  serve as a  b a s i s  f o r  cons ide r i ng  methods o f  reduc ing  
i n j u r y  t o  occupants o f  s ide- impacted cars ,  and f o r  j u d g i n g  t he  
appropr ia teness  o f  v e h i c l e  des ign  m o d i f i c a t i o n s  and assoc ia ted  t e s t s .  
One f a c t o r  no t  inc luded  i n  t h e  s t a t i s t i c a l  p resen ta t i ons  i s  t he  
i d e n t i f i c a t i o n  o f  i n j u r y -p roduc ing  con tac t s  t o  occupants o f  ca rs  
impacted i n  t he  s ide .  T h i s  omiss ion r e s u l t s  from the  r e l a t i v e l y  l a r g e  
p r o p o r t i o n  o f  m i ss i ng  da ta  f o r  t h i s  v a r i a b l e .  I n  a  d e t a i l e d  rev iew o f  
c e r t a i n  case r e p o r t s  t he  i n j u r y  con tac t s  were i d e n t i f i e d  t o  the  e x t e n t  
poss ib l e ,  and they a re  r epo r t ed  f o r  c e r t a i n  i n d i v i d u a l  cases i n  t h e  
appendix t o  t h i s  r e p o r t .  
1 . 1  D e f i n i t i o n  o f  Terms 
Side- impacted v e h i c l e s  a re  i d e n t i f i e d  i n  t he  F A R S  da ta  as those 
w i t h  " p r i n c i p a l "  damage i n  t he  side--coded as 2 ,  3, 4, o r  8, 9, 10 
o ' c l o c k  i n  t he  FARS r e p o r t s .  Only s ide- impacted v e h i c l e s  i n  which a t  
l e a s t  one occupant was f a t a l l y  i n j u r e d  a re  inc luded.  When occupant 
counts f o r  F A R S  s ide- impacted v e h i c l e s  a re  presented, a l l  occupants o f  
the  f a t a l  v e h i c l e  a re  inc luded  un less  o the rw i se  noted. Al though the  
same coding scheme i s  n o t  used i n  t he  NCSS data,  a  s e l e c t i o n  process was 
dev ised which i s  b e l i e v e d  t o  be n e a r l y  e q u i v a l e n t .  Up t o  two C o l l i s i o n  
Deformat ion C l a s s i f i c a t i o n  (CDC) codes may be assigned t o  a  v e h i c l e  i n  
the  NCSS case, i n  order  o f  s e v e r i t y  o f  damage t o  the  ca r .  The subset 
chosen f o r  a n a l y s i s  here inc ludes  a1 1 cases coded " r i g h t "  or  " l e f t "  on 
t h e  f i r s t  l e t t e r  o f  e i t h e r  C D C ,  as l ong  as t h a t  C D C  r e p r e s e n t s  t h e  f i r s t  
c h r o n o l o g i c a l  c r a s h  even t .  Cases i d e n t i f i e d  as r o l l o v e r  by e i t h e r  C D C  
have been exc luded,  a l t h o u g h  some r o l l o v e r  a c c i d e n t s  appear i n  t h e  
subset .  These a r e  e v i d e n t l y  crashes i n v o l v i n g  more than  one v e h i c l e ,  
w i t h  t h e  o t h e r  (no t  t h e  s ide- impacted)  v e h i c l e  e x p e r i e n c i n g  t h e  
r o l l o v e r .  T h i s  i s  r o u g h l y  e q u i v a l e n t  t o  t h e  above F A R S  c l o c k - d i r e c t i o n  
codes. 
Occupant exposure t o  impacted s u r f a c e s ,  as e i t h e r  n e a r - s i d e  o r  f a r -  
s i d e  impacts,  has been d e r i v e d  f rom t h e  s i d e  s t r u c k  and seated l o c a t i o n .  
Center  seated occupants a r e  c l a s s i f i e d  as n e a r - s i d e  i f  t h e r e  were no 
i n t e r v e n i n g  occupants,  o t h e r w i s e  they  a r e  t r e a t e d a s  f a r - s i d e .  
l  n j u r i e s  a r e  coded i n  NCSS u s i n g  t h e  Occupant I n j u r y  
C l a s s i f i c a t i o n 3  scheme i n  c o n j u n c t i o n  w i t h  t h e  A b b r e v i a t e d  I n j u r y  
Scal Ie l4 and by a  separa te  s e v e r i t y  c l a s s i f i c a t i o n  ( H o s p i t a l i z e d ,  
T r e a t e d  and Released, e t c . )  . I n  some ana lyses N C S S  i n j u r y  codes have 
beer1 grouped i n t o  two c a t e g o r i e s  (e.g.,  AIS-0-2 vs .  A I S - 3  o r  g r e a t e r )  . 
T h i s  p e r m i t s  r e c o v e r y  o f  a  s u b s t a n t i a l  number o f  cases i n  wh ich  i n j u r y  
was n o t  c o m p l e t e l y  r e p o r t e d  i n  t h e  N C S S  da ta ,  and t h i s  r e l i e v e s  some o f  
t h e  l i m i t a t i o n s  on t h e  use o f  t h e  o r i g i n a l  A15 v a r i a b l e .  The F A R S  d a t a  
a r e  used he re  p r i m a r i l y  t o  s tudy  f a t a l i t i e s  i n  s ide - impac t  c rashes,  b u t  
i n j u r  i es t o  o t h e r  ( n o n - f a t a l )  occupants o f  s  i d e - s t r u c k  c a r s  a r e  r e p o r t e d  
us i rlg t h e  usua l  p o l  i c e  r e p o r t  i ng (KABCO) sca 1 e. 
Marsh, J.C. " V e h i c l e  Occupant I n j u r y  C l a s s i f i c a t i o n . "  H i t  Lab 
Repor t s ,  Vo l .  4, No. 1 ,  September 1973, pp. 1 - 1 1 .  
* The Abbrev ia ted  l n j u r y  Sca le  - 1980 R e v i s i o n .  American A s s o c i a t i o n  
f o r  Automot ive  Med ic ine ,  1980. 5 7 p .  
The NCSS d a t a  p r o v i d e  a  b a s i s  f o r  d e f i n i t i o n  and measurement o f  
passenger compartment compromise. The code " i n t r u s i o n "  has been used t o  
i n d i c a t e  any r e d u c t i o n  i n  s i z e  o f  t h e  passenger compartment, 
d i sp lacemen t  o f  components such as t h e  s t e e r i n g  column, and/or  e n t r y  o f  
a  f o r e i g n  o b j e c t  i n t o  t h e  passenger compartment. I n  t h e  i n d i v i d u a l  case 
rev iews  i n t r u s i o n  i s  t r e a t e d  i n  a  d e s c r i p t i v e  manner, and c e r t a i n  
s t a t i s t i c s  w i l l  be p resen ted  showing t h e  d i s t r i b u t i o n  o f  p o i n t s  and 
amounts o f  maximum p e n e t r a t i o n .  
I n  o r d e r  t o  p l a c e  s i d e  impacts  i n  p e r s p e c t i v e ,  t h e  d i s t r i b u t i o n  o f  
General Area o f  Damage among towed-for-damage passenger c a r s  ( taken  f rom 
t h e  N C S S  d a t a )  i s  shown i n  T a b l e  1 .  The f i r s t  column d i s p l a y s  t h e  
we igh ted  d i s t r i b u t i o n  f o r  c rashed  passenger c a r s ,  and t h e  second column 
t a b u l a t e s  f a t a l  occupants .  The c l a s s i f i c a t i o n  i n  t h e  t a b l e  i s  based on 
t h e  f i r s t  C D C  l i s t e d .  S i d e  impacts  a r e  t h o s e  w i t h  e i t h e r  " r i g h t "  o r  
" l e f t "  damage. A l l  r o l l o v e r s  (as g i v e n  by t h e  s i x t h  column o f  t h e  CDC) 
a r e  grouped t o g e t h e r  r e g a r d l e s s  o f  whether they  o c c u r r e d  i n  s i d e  
impacts,  t o p  impacts ,  e t c .  Most  o f  t h e  r o l l o v e r s  were a s s o c i a t e d  w i t h  
t o p  damage, 1695 o f  t h e  towed v e h i c l e s  and 94 o f  t h e  f a t a l l y  i n j u r e d  
occupants .  S i de impacts accoun t  f o r  27 .2% o f  a  1 1 towaway veh i c  1 es, b u t  
35.7% o f  t h e  f a t a l  occupants .  T h i s  r e s u l t s  i n  p a r t  f r o m  t h e  
u n d e r r e p r e s e n t a t i o n  o f  f a t a l i t i e s  i n  rear-damaged v e h i c l e s ,  and i t  i s  
p o s s i b l e  t h a t  s ide - impac ted  v e h i c l e s  a r e  somewhat l e s s  l i k e l y  t o  be 
towed f o r  m ino r  damage than  f r o n t -  o r  rear-damaged c a r s .  I n  any case, 
t h e  p r o p o r t i o n  o f  f a t a l i t i e s  o c c u r r i n g  i n  s i d e - s t r u c k  passenger c a r s  i s  
s u b s t a n t i a l  and deemed w o r t h y  o f  f u r t h e r  s t u d y .  
TABLE 1 
D i s t r i b u t i o n  o f  P o i n t  o f  Most Severe Impact 
i n  Fa ta l  and Towed Passenger Cars 
(NCSS 27-month Data) 
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The two p r i n c i p a l  da ta  sources f r e q u e n t l y  r e p o r t  i n f o rma t i on  us i ng  
t he  same v a r i a b l e  name b u t  w i t h  somewhat d i f f e r e n t  ca tegor ies .  
Sometimes t he  ca tego r i es  bear t he  same names, bu t  t he  ac tua l  measurement 
has been made under a  d i f f e r e n t  p r o t o c o l .  For example, the  terms 
" r u r a l "  and "urban" as used i n  F A R S  a re  ?dent i f  i ed  by t he  na tu re  o f  t h e  
p o l i t i c a l  j u r i s d i c t i o n  i n  which t he  acc iden t  occurred.  By con t ras t ,  t he  
NCSS assignment o f  these terms depends on t he  i n v e s t i g a t o r ' s  judgment as 
t o  the  n a t u r e  o f  the  sur roundings o f  the  acc iden t  s i t e .  N C S S  p rov ides  a  
second r u r a l - u r b a n  i n d i c a t o r  which i s  common t o  an e n t i r e  team area. 
None o f  these t h ree  d e f i n i t i o n s  i s  p r e c i s e l y  the same as any o the r .  I n  
this report we will attempt to note such interpretation problems, but 
the reader should be aware that these variations in reporting method 
exist. 
For the most part no statistical significance tests are shown in 
connection with the tables presented. For the FARS tests such tests are 
not really appropriate, since the FARS represents a census of the 
accidents under consideration, and observed differences are by 
definition true. For the NCSS cases, a simple chi-square test is 
inappropriate because the data presented are weighted by the inverse of 
the sampling rates applied in the field. Another reason is that nearly 
all of the tabulations involve substantial numbers of cases (for either 
FARS or NCSS), and thus any observed differences would be statistically 
significant. Whether they are of practical significance depends on the 
magnitude of the differences shown, and some such differences will be 
cited. 
The remainder of this report is organized as follows: Section 2 
presents a comparison of side-impacted passenger cars with cars involved 
in other collision types. Section 3 presents a set of detailed 
descriptive statistics for side-impacted passenger cars, Emphasis is 
placed on differences between single- and multiple-vehicle side-impact 
crashes. The appendix presents information resulting from a clinical 
(case by case) review of fatal accidents among the NCSS side-impacted 
cars. The appendix also contains individual case reviews of these NCSS- 
reported fatal side-impact crashes, drawing on the original case reports 
for more detailed damage and injury information. 
1.2 Principal Findinqs 
This report presents descriptive statistics relative to side- 
impacted passenger cars in the fatal accident set (from the 1979 FARS 
files) and in a sample of towaway accidents (from the first phase of the 
NCS!; program) . These descriptive statistics are divided into two 
groups. The first shows side-impacted vehicles relative to all vehicles 
in accidents of comparable severity (fatal or towaway). The second 
shows side-impacted vehicles in single-vehicle crashes relative to those 
in multi-vehicle crashes. 
The general purpose of this work has been to study available 
accident data relative to the possible standards and test procedures for 
ensuring appropriate protection to passenger car occupants in side- 
impact collisions. The advance notice of proposed rulemaking5 was used 
as ia guide to this analysis. 
The displays of these two comparisons indicat,e that, for many 
characteristics, there are only minor differences. While such non- 
differences may be of interest in particular applications, the reader is 
referred to Sections 2 and 3 of the report to identify these. In this 
summary attention will be given mainly to those few distributions which 
exhibit differences. Some summary statistics from both FARS and NCSS 
will be presented first; then individual comments will be given for 
findings relevant to the proposed standards for side-impact protection. 
5"l:ederal Motor Vehicle Safety Standard: Side Impact Protection," 
Federal Register, Vol . 44, No. 236, pg. 70204, Dec. 6, 1979. 
1979 FARS Overview 
At the time these analyses were done, the available 1979 FARS file 
was about 90% complete, with most of the missing cases from the end of 
the year (November and December). The reader should be aware that the 
totals presented for FARS will not be directly comparable with other 
published values which cover the entire year. Differences in the 
distributions shown, however, should be minimal. 
For the 1979 FARS data studied the following statistics obtain: 
)\ The total number of persons killed as occupants of passenger cars 
was 23,872. 
* The total number of persons killed in side-impacted cars (without 
rol lover) was 5,930 (24.8% of the 23,872) . 
fc Of the 5930, 1801 (30.4%) were in single-vehicle accidents and 
4129 (69.6%) were in multi-vehicle accidents. 
f: For perspective, the number of fatalities in side-damaged 
vehicles with rollover is 575 (in single-vehicle accidents) and 
171 (in two-vehicle accidents) 
The number of fatalities in passenger cars side-impacted by 
another passenger car i s 1800, wh i ch i s 30% of a1 1 passenger car 
side-impact fatalities, or 7.5% of all passenger car occupant 
fatal i ties. 
fc Of the 4129 fatalities in multi-vehicle accidents (without 
rol 1 over) , 3718 were i n two-veh i cl e accidents. I n these cases 
the "other vehicle" type could be determined. 
NCSSl Overview 
The NCSS file used in this study consisted of cases reported during 
the first fifteen months of the NCSS program. Accidents were 
investigated over this period in seven regions of the United States, and 
represent the approximate urban/rural distribution of all accidents in 
the country. Accidents were sampled according to a simple stratified 
sampling scheme, and analyses may be made on both unweighted and 
we igh ted  p o p u l a t i o n s .  The l a t t e r  r e p r e s e n t  t h e  t o t a l  a c c i d e n t  
p o p u l a t i o n  i n  t h e  s tudy  areas over  t h e  15-month p e r i o d .  S t a t i s t i c s  
be low w i l l  g e n e r a l l y  be i d e n t i f i e d  as e i t h e r  we igh ted  o r  unweighted.  
:': The t o t a l s  i n  t h e  NCSSl f i l e  were 6,683 Acc iden ts  (unweighted) , 
8708 Case V e h i c l e s  (unweighted) , 8661 (unweighted) and 39614 
(weighted) passenger c a r s .  
9: The number o f  passenger c a r s  impacted i n  t h e  s i d e  on t h e  f i r s t  
impact (coded as e i t h e r  t h e  f i r s t  o r  second C o l l i s i o n  
De fo rmat ion  Code) , e x c l u d i n g  r o l l  ove rs ,  was 2042 (unwei ghted) o r  
8755 (weighted) --22.1% o f  t h e  39,614. 
:': The number o f  occupants  i n  s ide - impac ted  c a r s  was 14,423 
(weighted).;  t h e  number o f  occupants i n  o t h e r  passenger c a r s  was 
47,893 (weighted) . Occupants i n  s ide- impacted c a r s  r e p r e s e n t  
23.1% o f  t h e  t o t a l .  
n O f  a1 1 occupants (we ighted)  i n  t h e  N C S S  da ta ,  3.6% were i n j u r e d  
a t  t h e  A I S - 3  l e v e l  o r  g r e a t e r .  
9: 4.7% o f  occupants i n  s i d e  impacts were i n j u r e d  a t  t h e  AIS-3 l e v e l  
o r  g r e a t e r .  
:': O f  a l l  occupants (weighted) i n  t h e  NCSS da ta ,  1.4% were i n j u r e d  
a t  t h e  AIS-4 l e v e l  o r  g r e a t e r .  
f: 1.9% o f  occupants i n  s i d e  impacts were i n j u r e d  a t  t h e  AIS-4 l e v e l  
o r  g r e a t e r .  
f: 30.9% o f  those occupants  i n j u r e d  t o  AIS-3 o r  g r e a t e r  were i n  s i d e  
i mpac t s  . 
:': 32.3% o f  those occupants  i n j u r e d  t o  AIS-4 o r  g r e a t e r  were i n  s i d e  
impacts .  
A For s ide- impacted c a r s  i n  s i n g l e - v e h i c l e  c rashes,  o r  s t r u c k  by 
l a r g e  t r u c k s  o r  r a i l r o a d  t r a i n s :  
4.3% o f  a1 1 occupants were e j e c t e d  
44.0% o f  a1 1 f a t a l i t i e s  were e j e c t e d  
78.6% o f  s ide - impac t  f a t a l  e j e c t i o n s  were i n  t h i s  group 
Nears ide  and F a r s i d e  Occupants - 
There a-re more f a r s i d e  occupants i n  s ide - impac ted  v e h i c l e s ,  
e v i d e n t l y  because t h e r e  i s  a s l i g h t l y  h i g h e r  i n c i d e n c e  o f  r i g h t - s i d e  
impacts,  and a predominance o f  c a r s  w i t h  o n l y  t h e  d r i v e r  ( l e f t - s i d e  
seat)  p resen t .  For a1 1 s i de -  impacted veh i c  1 es, however, the  nears i de 
occupant i s  more l i k e l y  t o  s u s t a i n  a  se r i ous  o r  f a t a l  i n j u r y ,  as shown 
i n  Table  2. I n  t he  F A R S  data,  63.2% o f  those f a t a l l y  i n j u r e d  i n  s i d e  
impacts were nears ide  occupants. 
TABLE 2  
NCSS 1 
Side-Impact Occupant Exposure and I n j u r y  
(Wei ghted Exposure Counts) 
Notes: (1) The numbers o f  occupants omi t 182 w i t h  o the r ,  
u n c l a s s i f i a b l e ,  o r  unknown exposure. 
Number o f  
Occupants . . . 
P r o p o r t i o n  w i t h  
AIS-4+ I n j u r i e s  
P r o p o r t i o n  w i t h  
Fa ta l  I n j u r i e s  
(2) The p r o p o r t i o n  computat ions exc lude  occupants w i t h  unknown 
i n j u r y  s e v e r i t y  o r  exposure. 
I n j u r i e s  vs .  P o i n t  o f  Impact on t he  Veh i c l e  
Side- impacted v e h i c l e s  have been se lec ted  f o r  t h i s  s tudy us i ng  the  
Exposure t o  lmpact 
f i r s t  l e t t e r  o f  t he  C o l l ' i s i o n  Deformat ion Code. Those cases coded as 
1 1 ~ 1 1  ( f o r  r i g h t )  and " L "  ( f o r  l e f t )  impact have been inc luded.  The 




second l e t t e r  o f  t he  C D C  p rov ides  more d e t a i l  as t o  the  ac tua l  p o i n t ( s )  




o f  impact w i t h i n  the  d e f i n e d  s i d e  accord ing  t o  t he  f o l l o w i n g  scheme: 
D = d i s t r i b u t e d  (whole s ide)  
Y = f r o n t  + passenger compartment 
Z = back + passenger compartment 
P = passenger compartment o n l y  
F = f r o n t  o n l y  (no t  passenger compartment) 
B = back o n l y  ( n o t  passenger compartment) 
The l i k e l i h o o d  o f  i n j u r y  f o r  each o f  these c r a s h  types i s  
d i f f e r e n t ,  and i s  i l l u s t r a t e d  i n  F i g u r e s  1 t h rough  3 .  F i g u r e  1 shows 
t h e  t o t a l  number o f  (exposed) occupants  o f  s ide- impacted v e h i c l e s  by t h e  
C D C  second l e t t e r ,  i n d i c a t i n g  t h a t  t h e  l a r g e s t  groups a r e  those s t r u c k  
o n l y  i n  t h e  f r o n t  o r  back.  F i g u r e  2 shows t h e  number o f  persons 
s e r i o u s l y  i n j u r e d  f o r  t h e  same v a r i a b l e ,  w i t h  t h e  l a r g e s t  g roup 
compr i s  i ng t h e  'If r o n t  and passenger compar tment"  damage. F i  gu re  3 
r e p r e s e n t s  t h e  r a t i o  o f  t h e  f i r s t  two graphs, and i n d i c a t e s  t h a t  
occupants  o f  c a r s  w i t h  d i s t r i b u t e d  s i d e  damage a r e  much more l i k e l y  t o  
s u s t a i n  s e r i o u s  i n j u r i e s  than  o t h e r s ,  about  seven t imes  more l i k e l y  than  
occupants  o f  v e h i c l e s  s t r u c k  i n  t h e  s i d e  f r o n t  o r  s i d e  r e a r .  
D i s t r i b u t e d  damage i s  some i n d i c a t i o n  o f  a  g e n e r a l l y  more severe  (or  
higlqer speed) c rash ,  b u t  t h e  i n j u r y  r a t e s  a r e  h i g h  any t i m e  t h e r e  i s  
passenger compartment invo lvement .  
De l ta -V  D i s t r i b u t i o n s  - 
One o f  t h e  parameters de te rm ined  f o r  v e h i c l e s  i n  t h e  NCSS s tudy  i s  
t h e  change o f  v e l o c i t y  d u r i n g  impact ,  g e n e r a l l y  i d e n t i f i e d  as De l ta -V,  
Thiss q u a n t i t y  i s  computed f rom d e s c r i p t i o n s  o f  t h e  damage o f  t h e  v e h i c l e  
o r  v e h i c l e s  u s i n g  t h e  CRASH2 a l g o r i t h m .  
F i g u r e  4 shows t h e  computed c u m u l a t i v e  De l ta -V  d i s t r i b u t i o n s  f o r  
o c c ~ ~ p a n t s  o f  s ide - impac ted  passenger c a r s  i n  s i n g l e - v e h i c l e  and 
m u l t i p l e - v e h i c l e  c rashes s e p a r a t e l y .  The De l ta -V  i s  computed u s i n g  
c e r t a i n  assumpt ions about  t h e  c r u s h  c h a r a c t e r i s t i c s  o f  each v e h i c l e ,  and 
i t  i s  d i f f i c u l t  t o  assess t h e  a b s o l u t e  accuracy o f  t h e  v a l u e s  o b t a i n e d  
i n  t h e  NCSS d a t a .  Note p a r t i c u l a r l y  t h a t ,  a t  l e a s t  f o r  t h e  r n u l t i -  
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D = distributed (whole side) 
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Z = back 7 passenger compartment 
P = passenger compartment only 
F = front only (not passenger compartment) 
B = back only (not passenger compartment) 
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v e h i c l e  c rashes,  De l ta -V i s  t h e  impact  speed o f  e i t h e r  v e h i c l e ,  b u t  
r a t h e r  t h e  v e l o c i t y  change o f  t h e  s t r u c k  c a r .  For s i n g l e - v e h i c l e  
c rashes i t  may be a  reasonab le  a p p r o x i m a t i o n  o f  t h e  impact  speed. 
DELTA-V [MILES PER HOUR3 
FIGURE 4 
NCSS 1 - D i s t r i b u t i o n  o f  Del ta-V f o r  S i n g l e  and Mu1 t i - V e h i c l e  S ide Impac t s  
For t h e  s i n g l e - v e h i c l e  c rashes p l o t t e d ,  50% o f  t h e  s e r i o u s  ( A I S - 4  
o r  g r e a t e r )  i n j u r i e s  occur  a t  D e l t a - V ' s  be low about  20 m i l e s  per  hou r .  
T h i s  i s  as opposed t o  a  De l ta -V abou t  f i v e  mph h i g h e r  f o r  m u l t i - v e h i c l e  
cras 'hes.  T h i s  suggests t h a t  something o t h e r  than  De l ta -V  a l o n e  i s  
o p e r a t i n g  t o  produce a h i g h e r  i n j u r y  p r o b a b i l i t y  i n  s i n g l e - v e h i c l e  
c rashes.  Among o t h e r  d i f f e r e n c e s ,  t h e  p r o p o r t i o n  o f  e j e c t e d  occupants 
is much higher, the impact vector direction distribution is different, 
and the relative frequency of distributed side damage is much higher for 
side-impacted cars in single-vehicle collisions. 
There are, of course, various uncertainties as to the accuracy and 
precision of the Delta-V estimates. In the present analysis, the 
difference in missing data rates by impact type (more missing data for 
Del ta-V for two-veh i cle crashes) may be important. Delta-V is 
unreported in the NCSS data for about 50% of the cases; sometimes 
because it was not defined for that crash type, and sometimes because of 
unavai labi 1 i ty of the necessary data. Final ly, the vehicle structural 
models used for reference in computing Delta-V are questionable when 
applied to specific impact areas. Nevertheless, the combination of a 
lower Delta-V value and generally higher injury rates for single vehicle 
side-impacted vehicles suggests that single-vehicle crashes should be 
considered separately from the multiple-vehicle crashes. 
Ejections, Accident Configurations, and lniuries 
Among fatally injured occupants in side impacts reported in FARS, 
15.5% were ejectees. For those in si ngle-vehi cle accidents, 22.5% were 
ejected; inmulti-vehicleaccidents 12.5%were ejected. Corresponding 
figures for seriously injured (AIS = 4+) occupants in the NCSS data are 
26.8%, 39.1%, and 21 -9% respectively. 
In the NCSSl (weighted) data, single-vehicle side-impact crashes 
comprised 17.7% of a1 1 side-impacted cars. Figures 5 and 6 show the 
distribution of the object struck (or striking) for all ejected 
occupants and fatally ejected occupants, respectively. Among all side- 
impact ejected occupants, this single-vehicle group accounts for 45.1% 
o f  a l l  e j e c t e e s ,  and 47.6% o f  a l l  f a t a l l y  i n j u r e d  e j e c t e e s .  Large 
t r u c k s  (as t h e  impac t ing  o b j e c t )  account  f o r  a  l a r g e r  p r o p o r t i o n  o f  
f a t a l  e j e c t e e s  than  do passenger c a r s .  
Impacts by  passenger c a r s  and 1 i g h t  t r u c k s  accoun t  f o r  44.7% o f  a1 1 
e j e c t i o n s ,  b u t  o n l y  2 1  -4% o f  a1 1 f a t a l  e j e c t i  i ons .  Thus t e s t s  wh ich  
e f f e c t i v e l y  s i m u l a t e  s i d e  c o l l i s i o n s  between passenger c a r s  would n o t  
address t h e  b u l k  o f  t h e  e j e c t i o n  problem. 
F a t a l i t i e s  and Ser ious  l n i u r i e s  by O b j e c t  S t r u c k  o r  S t r i k i n g  - 
The s ide - impac ted  v e h i c l e s  d i scussed  i n  t h i s  r e p o r t  can be 
c l a s s i f i e d  i n t o  groups i d e n t i f y i n g  t h e  k i n d s  o f  s t r i k i n g  o r  s t r u c k  
o b j e c t s .  A l though t h e  c o d i n g  d e t a i l s  i n  FARS and NCSS a r e  somewhat 
d i f f e r e n t ,  a  common g r o u p i n g  o f  t h e  " o b j e c t s "  i s  p resen ted  he re  i n  f o u r  
ma jo r  c a t e g o r i e s .  These a r e  s i n g l e - v e h i c l e / f i x e d  o b j e c t  c rashes,  c a r s  
s t r u c k  by l i g h t  t r u c k s ,  c a r s  s t r u c k  by  heavy t r u c k s  o r  buses, and c a r s  
s t r u c k  b y  o t h e r  c a r s .  The d i s t r i b u t i o n s  ac ross  t h i s  c a t e g o r i z a t i o n  a r e  
shown i n  F i g u r e  7 f o r  AIS-4 and g r e a t e r  i n j u r i e s  ( f rom NCSS), and i n  
F i g u r e  8 f o r  f a t a l  i t i e s  ( f rom FARS) . 
I n  b o t h  i n s t a n c e s  o n l y  abou t  o n e - t h i r d  o f  t h e  f a t a l i t i e s  o r  s e r i o u s  
i n j u r i e s  a r e  accounted f o r  by  impacts w i t h  passenger c a r s .  F i f t y  
p e r c e n t  o f  t h e  f a t a l i t i e s  (and 46% o f  t h e  s e r i o u s  i n j u r i e s  i n  NCSS) 
occu r  i n  c o l l i s i o n s  w i t h  f i x e d  o b j e c t s ,  heavy t r u c k s ,  o r  buses. I f  c a r s  
were: t o  be des igned t o  m i n i m i z e  e j e c t i o n  i n  s i d e  impacts,  t h e  most 
a p p r o p r i a t e  t e s t s  wou ld  seem t o  be those  s i m u l a t i n g  non-crushab le  
o b j e c t s .  
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Impact Force Direction and Headinq Angle 
In two-vehicle collisions the clock direction reported in the 
Collision Deformation Classification (CDC) may be analyzed to produce 
the relative heading of the two vehicles at the time of impact. The 
distributions of impact vector direction and relative heading are of 
interest in defining an appropriate test or simulation for a two-vehicle 
side-impact collision. 
Figure 9 displays both the impact-vector and relative-heading 
distributions, and allows a direct comparison of the two. Most (61%) of 
the impact force directions in two-vehicle accidents are contained in 
the two and ten o'clock groups, representing forces with a longitudinal 
component. By contrast, the most frequent (64%) relative head i nqs for 
two-vehicle side impacts are at three and nine o'clock. A simulation of 
a two-vehicle collision, for test or evaluation purposes, should 
consider both of these factors. The most common collision is apparentiy 
a classical intersection accident, and the impact vector distributions 
suggests that the velocities of the two vehicles are approximateiy 
equal . 
The impact-vector distribution may be plotted for single-vehicle 
crashes, but the relative heading distribution is not relevant. Figure 
10 shows the distribution of impact force directions for single-vehicle 
side impacts in NCSS, and it is clearly asymetrical, as well as being 
less peaked than the two-vehicle case. Further the clock direction with 
the largest number of impacts is one o'clock, suggesting a strong 
forward component for right-side collisions; on the left side the 
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Comparison of R e l a t i v e  Heading and Impact Force 
D i r e c t i o n  f o r  Two-Vehicle S ide Impacts 
dominant  d i r e c t i o n  i s  t e n  o ' c l o c k .  T h i s  i n t r o d u c e s  a  quandary as t o  a  
" b e s t "  c o n f i g u r a t i o n  f o r  t e s t i n g  t h e  p r o t e c t i v e  n a t u r e  o f  passenger c a r s  
f o r - f i x e d  o b j e c t  s i d e  impacts.  
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'vpact Force Direction o f  Single-Vehicle Side Impacts 
C l i n i c a l  Case Reviews 
Case rev iews  o f  53 f a t a l  s ide - impac t  c rashes w i t h  64 f a t a l i t i e s  a r e  
p resen ted  i n  t h e  Appendix t o  t h i s  r e p o r t .  W h i l e  t h e  sample i s  n o t  
l a r g e ,  and perhaps n o t  t r u l y  r e p r e s e n t a t i v e  o f  t h e  n a t i o n a l  p o p u l a t i o n  
o f  s i d e - i m p a c t  a c c i d e n t s ,  c e r t a i n  o b s e r v a t i o n s  a r e  i n  o r d e r .  
The f a t a l  c rashes i l l u s t r a t e d  i n v o l v e ,  o f  course,  q u i t e  severe  
v e h i c u l a r  damage; b u t  s i n c e  t w o - t h i r d s  o f  t h e  AIS-4 and g r e a t e r  i n j u r i e s  
r e s u l t  i n  f a t a l i t i e s ,  t hey  may e x e m p l i f y  t h e  c h a l l e n g e  f o r  p r o t e c t i o n  o f  
the occupants of side-impacted passenger cars. Extensive intrusion into 
the passenger compartment is common. In single-vehicle crashes, and 
also in two-vehicle crashes with a large truck as the impacting vehicle, 
nearly half of the fatal occupants were ejected. By contrast, there was 
relatively little ejection in car-car crashes. Belt use, as in other 
fatal accident populations, was negligible. Cases were reviewed with 
respect to the likelihood of fatal injury had full restraints been 
employed, and it is judged that no more than 588, and possibly as few as 
258, would have been prevented by restraint use. The uncertainty 
results because a substantial number of cases had insufficient details 
on the injuries and their causes to draw conclusions. 

2.0 Comparison of Side-Impacted Passenger 
Cars with Other Collision Types 
In this section of the report the characteristics of side-impact 
accidents are compared with those of other collision types. These 
comparisons are divided into four sub-sections: Accident-, environment-, 
vehicle-, and occupant-related factors. 
2.1 Accident Factors 
Tables 3 and 4 show the time-of-day distribution for side-impacted 
cars in three-hour groups for FARS and NCSS respectively. Side impacts 
are more of a day-time phenomena than are other impacts. The 
distribution of side impacts exceeds that of other impacts in the NCSS 
data (Table 4) from 9 AM untile 6 PM, with 50.7% of the side impacts 
occurring in this period compared to 44.5% for other impacts. Among the 
fatal impacts, he distribution of side impacts exceeds others from 6 AM 
through 9 PM, with 61.1% of the side impacts occurring in this period 
comlpared with only 49.4% of the other impacts. "Other than side 
irnp,acts," mostly frontals, tend to occur more often late at night or 
early in the morning. 
Collision types are coded somewhat differently in the two sources. 
The distribution for FARS is shown in Table 5. The category "Not 
applicable" refers mainly to single-vehicle crashes, and the remainder 
of the table details various kinds of two-vehicle collisions. Side 
impacts account for a much smaller proportion of the single-vehicle 
crashes, but comprise most of the "angle" col 1 isions. Table 6 presents 




Fatal Vehicle Counts for Side lmpacts vs. Other lmpacts 
Hour of Accident 
Another accident characteristic of interest relative to side and 
other impacts is the object with which the car interacted. Again, the 
coding for this characteristic is different in FARS and NCSS, but Tables 
7 and 8 present the avai 1 ab I e i nforrnat i on. Tab1 e 7, prepared f rorn the 
FARS data, indicates that side impacts are relatively more likely for 
railroad train accidents, for two-vehicle accidents, and for single- 
vehicle impacts with pole and trees. I n  the NCSS data two-vehicle 
Hour 
0001-0300 . 











84 1 16.5 
2 85 5-6 











145 1 9-3 
1 1  19 7*1 
1007 6.4 
1443 9.2 







Vehicle Counts for Side lmpacts vs. Other lmpacts 
(weighted) 




Side lmpacts Other lmpacts I 
crashes are slightly overrepresented among the side-impacted cars, 








Not Applicable . . .  
Rear-End . . . . . .  
Head-on . . . . . .  
Rear-to-Rear . . . .  
Angle . . . . . . .  
Sideswipe, Same Dir. 
Sideswipe, Opp, Dir. 
Total . . . . .  
M.D. . . . . .  
1626 31 .9 
7 0 1.4 
369 7.2 
1 0.0 
282 1 55.3 





917 5 8 
3726 23 7 
8 0.1 
1813 11.5 






Vehicle Counts for Side lmpacts vs .  Other lmpacts 




3432 1 1 . 3  
7 30 2.4 
6649 22 .O 
1343 4 . 4  
5549 18.3 
2 7  1 9 
51 15 16 .9  
547 1 .8  
7 1 . 2  
672 2 . 2  
1162 3.8 
466 1.5 
1904 6 . 3  





Head-on . . . . . . . .  
. . . . .  Angle, Front 
. . . . . . . . .  Side . . . . . .  Angle, Side 
. . . . . . . . .  Rear . . . . . . .  Sideswipe 
Fixed Object: 
Front . . . . . . . . .  
Side . . . . . . . . .  
Rear . . . . . . . . .  
. . . . . . .  Other Object 
. . . .  Principal Rollover 
. . . . . .  Undercarriage 
3 or More Vehicles - Chain 
3 or More Vehicles - Other 
Total . . . . . .  
M.D. . . . . . .  
Side Impacts 
N 4 
1 1  . 1  
3 9 . 4  
4602 52.7 
1092  12.5 
37 . 4  
347 4.0 
40 1 4 . 6  
927 10.6 
16 .2 
239 2 . 7  
174 2 .O 
35 . 4  
12 . 1  




F A R S  1979 
F a t a l  Veh i c l e  Counts f o r  Side lmpacts vs .  Other Impacts 
Most Harmful Event ( ob jec t  s t r uck )  
Con t ' d  on nex t  page 
Harmful Event 
N o n - c o l l i s i o n s :  
. . . . . . . .  Over tu rn  
F i r e /Exp los i on  . . . . .  
Immersion . . . . . . .  
Gas I n h a l a t i o n  . . . . .  
F e l l  f rom Veh ic le  . . .  
I n j u r e d  i n  Veh ic le  . . .  
Other N o n - c o l l i s i o n  . . 
C o l l i s i o n s :  
Not F ixed  Objects:  
R.R.  T r a i n  . . . . . . .  
Animal . . . . . . . . .  
V e h i c l e  i n  T ranspor t  . . 
Veh. i n  Other Roadway . 
Parked Veh i c l e  . . . . .  
Other Ob jec t  (not  f i xed) 
S ide Impacts 
N % 
- 8 2 - 1.6 
0  0.0 
4 2  0.8 
18 0.4 
1 0  .O 
2 0  0.4 





0  0.0 
3324 65.2 
7 3 1.4 






2  35 1.5 
254 1.6 
3 0  .O 
162 1 .O 
6 0  .O 
2  4 0.2 
11086 70.5 
6920 - 44.0 
119 0.8 
2  1 0.1 
6  198 39.4 
19 1 1.2 
345 2.2 
46 0.3 




Building . . . . . . . .  
. . . . .  Culvert/Ditch 
. . . . . . .  Curb/Wall . . . . . . . .  Divider 
. . . . . . .  Embankment 
Fence . . . . . . . . .  
. . . . . . .  Guard Rail 
. . . . .  Light Support 
Sign Post . . . . . . .  
. . . . .  Tree/Shrubbery . . . . . .  Utility Pole 
. . . . . . .  Other Pole 
Impact Attenuator . . .  
. . .  Other Fixed Object 
Bridge/Overpass . . . .  
. . . . . . . .  Total 
M.D . . . . . . . . .  
Side Impacts I Other Impacts 
N % N % 
TABLE 8 
NCSS 1 
V e h i c l e  Counts f o r  Side lmpacts vs. Other Impacts 
(weighted) 
Object  St ruck i n  Impact 
Tab 1 e Con t '.d 
Ob jec t  St ruck 
Passenger Car: 
Sub-cornpact . . . . . . . 
Compact . . . . . . . . . 
In te rmed ia te  . . . . . . 
Standard (Ful 1 Size) . . 
Luxury/Limousine . . . . 
Truck: 
Truck ( t o  10,000 Ib) . . 
Truck (over 10,000 l b )  . 
T r a c t o r - t r a i l e r  . . . . . 
T r a c t o r  . . , . . . . . . 
Bus: 
School Bus . . . , . . . 
Other Bus . . . . . . . . 
Other Veh i c l e :  
T ra  i l e r  (non-commerci a l )  
R .  R. T r a i n  . . . . . . . 
Other Veh i c l e  . . . . . . 
Motorcycle/Moped . . , . 








362 4 .1  
948 - 10.8 
7 1 2  8.1 
106 1.2 
124 1.4 
6  0 .1  
2  1 - 0.2 -
12 0 .1  
9 0 .1  
50 - 0.6 
1 0  .O 
2  2  0 .3  
17  0.2 









1349 4 . 4  
3084 - 10.0 
2424 7 9 9  
3 15 1 .O 
342 1 . 1  
3 0.0 
167 0.5 
7 6 0.2 
9 1 0.3 
- 146 
2 6  0.1 
0.5 
5 2 0.2 
5 4 0.2 
14 0  .O 
1574 5.1 
TABLE 8 C o n t ' d  
Ob jec t  S t r u c k  
F i x e d  O b j e c t :  
T ree  ( t o  6 i n  d iamete r )  . 
T ree  (over 6 i n  d iamete r )  
. . . . . .  U t i l i t y  Po le  
. . . . .  Breakaway Po le  
Cu lver t /Ground/  
R .  R .  T racks /Curb  , . . 
Abutment/Retai n i  ng Wal l  / 
B r i d g e  Suppor t  . . . .  
. . . . . . .  Embankment 
. . . . . . . .  B u i l d i n g  . . . . . . .  B r i d g e  R a i l  . . . . . . .  Guard R a i l  . . . .  Impact A t t e n u a t o r  
Ground ( r o l  l o v e r  o n l y )  . 
Other Not-movable O b j e c t  
Movable Ob jec t :  
P e d e s t r i a n  . . . . . . .  
. . . . . .  Large Animal 
Other Movable O b j e c t  . . 
T o t a l . . . . . . . . .  
M.D .  . . . . . . . . .  
I S ide  Impacts I Other Impacts I 
2.2 Env i ronmen ta l  F a c t o r s  
Bo th  d a t a  sources p r o v i d e  i n f o r m a t i o n  about  t h e  env i ronmen ta l  
c h a r a c t e r i s t i c s  p r e s e n t  f o r  s ide - impac t  and o t h e r  a c c i d e n t  t ypes .  As 
n o t e d  above, t h e  d e f i n i t i o n s  o f  r u r a l  and u rban  a r e  n o t  q u i t e  t h e  same 
i n  F A R S  and NCSS. N e v e r t h e l e s s ,  i n  a l l  o f  t hese  t h e  d e s i g n a t i o n  " r u r a l "  
may be though t  o f  as m o s t l y  something o t h e r  than c i t y  s t r e e t s ,  and 
"urban"  rough1 y  t h e  oppos i t e .  
T a b l e  9, f rom FARS, shows t h a t ,  w h i l e  more than  h a l f  o f  t h e  s i d e -  
impact  f a t a l  a c c i d e n t s  o c c u r r e d  i n  r u r a l  a reas,  a  much g r e a t e r  
p r o p o r t i o n  o f  " o t h e r  than  s ide - impac t "  c rashes  occur t h e r e .  For a l l  
(mos t l y  n o n - f a t a l )  a c c i d e n t s ,  as shown i n  T a b l e  10, t h e  s i d e  and o t h e r  
d i s t r i b u t i o n s  a r e  a lmos t  a l i k e .  Us ing  t h e  second NCSS c a t e g o r i z a t i o n  
( i n  wh ich  t h e  e n t i r e  d a t a  c o l l e c t i o n  s i t e  has been c a l l e d  r u r a l  o r  u rban  
- T a b l e ,  11) s i d e  impacts a r e  somewhat under rep resen ted  i n  t h e  l a r g e  
c e n t r a l  c i t i e s ,  a l t h o u g h  t h e s e  i n c l u d e  o n l y  Miami and Los Angeles i n  t h e  
NCSS s t u d y .  . 
TABLE 9 
F A R S  1979 
F a t a l  V e h i c l e  Counts f o r  S ide  lmpacts v s .  Other lmpacts 
Urban/Rural  
Urban . . 
Rura l  . . 
T o t a l  
- 
S ide  Impacts 











Vehicle Counts for Side Impacts vs. Other lmpacts 
(weighted) 
Urban/Rura 1 
Urban . . 
Rural . . 
Total 
M.D. 
Side Impacts Other Impacts 
N % N % 
6969 79.6 24394 79.1 
1786 20.4 6464 20.9 
8755 100.0 30858 100.0 
0 1 
TABLE 1 1  
NCSS 1 
Vehicle Counts for Side lmpacts vs. Other lmpacts 
(weighted) 










Large Central City 
Large Suburb . . . 
Medium SMSA . . . 
Other . . . . . . 






3292 37 .6 
8755 100.0 
Highways a r e  a l s o  c l a s s i f i e d  d i f f e r e n t l y  i n  t h e  FARS and NCSS 
f i l e s ,  F A R S  u s i n g  c a t e g o r i e s  d e f i n e d  by  t h e  j u r i s d i c t i o n  r e s p o n s i b l e  f o r  
t h e  road,  and NCSS u s i n g  t h e  i n v e s t i g a t o r ' s  o p i n i o n  o f  t h e  road  t ype .  
Column d i s t r i b u t i o n s  i n  t h e  two a r e  n o t  d i r e c t l y  comparable.  I n  T a b l e  
12 (FARS) s i d e  impacts a r e  r e l a t i v e l y  i n f r e q u e n t  on  l n t e r s t a t e  roads,  
r e l a t i v e l y  f r e q u e n t  on c i t y  s t r e e t s ,  and about  even everywhere e l s e .  
E s s e n t i a l  l y  t h e  same o b s e r v a t i o n  may be made i n  t h e  NCSS d a t a  (Tab le  
13).  
TABLE 12 
F A R S  1979 
F a t a l  V e h i c l e  Counts f o r  S ide  lmpacts vs ,  Other lmpacts 
C lass  o f  Highway 
Class  o f  Highway 
l n t e r s t a t e  . . . . . 
o t h e r  L i m i t e d  Access 
Other US Route  . . . 
Other S t a t e  Route . 
Major  A r t e r y  . . . . 
County Road . . . . 
Loca l  S t r e e t  . . . . 
Other  Road . . . . . 
T o t a l  . . . . .  
S i d e  Impacts 
N % 
Other  Impacts 
N % 
141 2.8 
85 1 17.2 
1087 21 $ 9  
7 7 1.6 
5099 100.0 
2 7 8 1 .8 
264 1 17.2 
2104 13.7 
356 2 . 3  
15727 100.0 
TABLE 13 
N C S S  1 
V e h i c l e  Counts f o r  S i d e  lmpacts vs .  Other lmpacts 
(we i gh ted)  
Highway F u n c t i o n a l  C l a s s i f i c a t i o n  
F u n c t i o n a l  
C l a s s i f i c a t i o n  
. . .  A r t e r i a l  Hwy. 
M ino r  A r t e r y  - Major  
. . .  Street /Hwy 
C o l l e c t o r  - Through 
. . .  Street /Hwy. 
Loca l  S t reet /Road . 
. . . . . . .  Other  
T o t a l  . . . . .  
M.D. . . . . .  
/ S i d e  Impacts I Other  Impacts I 
1 2 1 7 4  24.9 1 goo 1 29.5 1 
V e r t i c a l  and h o r i z o n t a l  a l i g n m e n t  o f  t h e  roadway a r e  r e p o r t e d  i n  
more d e t a i l  i n  NCSS, b u t  may be compared i n  t h e  two f i l e s .  Tab le  14  
(FARS) i n d i c a t e s  t h a t  s i d e - i m p a c t  f a t a l  a c c i d e n t s  a r e  more l i k e l y  ( t han  
o t h e r  c r a s h  types)  t o  occur  on s t r a i g h t  and/or  1 eve1 roadways--perhaps 
because these  a r e  a s s o c i a t e d  w i t h  u rban  areas.  The d i f f e r e n c e s  f o r  non- 
f a t a l  a c c i d e n t s  (Tab le  15) a r e  n o t  as l a r g e ,  b u t  s t i l  1 s i de - impac t  
c rashes a r e  more l i k e l y  t o  occur  on s t r a i g h t  and l e v e l  a reas.  
TABLE 14  
FAR$ 1979 
F a t a l  V e h i c l e  Counts f o r  S i d e  lmpacts v s .  Other  lmpacts 
Highway a l i g n m e n t  
I n  b o t h  f a t a l  (Tab le  16) and towaway (Tab le  17) a c c i d e n t s  s i d e  
impacts a r e  more l i k e l y  t o  occu r  i n  i nc lemen t  weather .  The e x c e p t i o n  t o  
t h i s  i s  t h e  snow c o n d i t i o n  i n  NCSS, where " o t h e r "  impacts predominate ,  
Highway A l ignment  
HORIZONTAL: 
S t r a i g h t  . 
On Curve . 
VERTICAL: . 
Leve l  . . . 
On Grade . 














Veh ic le  Counts f o r  Side lmpacts vs .  Other lmpacts 
(we i gh ted) 







kllP - 1 4 . 1  
- 20 18 - 6.6 
9 7 8 3 2 
520 1 4 7  
520 1.7 
2311 7.5 





A 1  ignrnent 
S t r a i g h t :  
S t r a i g h t  - Level . 
S t r a i g h t  - U p h i l l  . 
S t r a i g h t  - Downhi l l  
Curve: 
R igh t :  
R igh t  - Level . . . 
R igh t  - U p h i l l  . . 
R igh t  - Downhi l l  . 
L e f t  
l e f t - ~ e v e l  . . . 
L e f t  - U p h i l l  . . . 
L e f t  - Downhi l l  . . 
To ta l  . . . . . .  












- 668 7.6 
3 12 3 6 






F a t a l  V e h i c l e  Counts f o r  S ide  lmpacts vs .  Other lmpacts 
S u r f a c e  C o n d i t i o n  
S u r f a c e  C o n d i t i o n  
Dry  . . . . . 
W e t . . . . .  
Snow . . . . 
I c e . .  . . . 
, Sand,Di r t ,O i  1 
Other  . . . . 
Unknown . . . 
T o t a l  . . 
S ide  Impacts 
N % 
3688 72.3 









12537 79 e 7 
2523 16.0 
292 1 * 9  
263 1 - 7  
18 0.1 
2 5 0.2 
6 9 0.4 
15727 100.0 
TABLE 1 7  
NCSS 1 
V e h i c l e  Counts f o r  S i d e  Impacts vs .  Other Impacts 
(weighted) 




61 13 19.8 
1780 5.8 
1722 5.6 
173  .6 
308 12 100.0 
4  7 
Su r face  C o n d i t i o n  
Dry . . . 
Wet . . . 
I c e  . . .  
Snow . . . 
Other . . 
T o t a l  
M.D. 
S i d e  Impacts 
N % 
5775 66.0 
2  148 24.5 
548 6  3 
238 2.7 
45 9 5 
8754 100.0 
1 
2.3 V e h i c l e  C h a r a c t e r i s t i c s  
V e h i c l e s  a r e  coded i n  b o t h  FARS and N C S S  by make and model, 
a l t h o u g h  t h e  d e t a i l e d  c o d i n g  i s  somewhat d i f f e r e n t .  I n  T a b l e  18 t h e  
F A R S  c o d i n g  f o r  passenger c a r s  i s  shown, and f o u r - d o o r  v e h i c l e s  seem t o  
be o v e r r e p r e s e n t e d  i n  t h e  s i d e - i m p a c t  group.  Two NCSS breakdowns a r e  
shown i n  Tab les  19 and 20-- the f i r s t  by body s i z e ,  i n  wh ich  t h e  s m a l l e r  
v e h i c l e s  a r e  somewhat more l i k e l y  t o  b e  s t r u c k  i n  t h e  s i d e  than  a r e  
s t a n d a r d  o r  l u x u r y  c a r s .  I  n t h e  second NCSS t a b l e  (20) t h e r e  a r e  no 
remarkab le  d i f f e r e n c e s  f o r  t hese  ma jo r  g r o u p i n g s .  
TABLE 18 
F A R S  1979 
F a t a l  V e h i c l e  Counts f o r  S ide  lmpacts vs .  Other lmpacts 
Body Type 
Body Type 
C o n v e r t i b l e  . 
2-Door . . . 
4-Door . . . 
S t a t i o n  Wagon 
on /Of f  Road . 
O t h e r .  . . . 
Unknown Type 
T o t a l  . . 
S i d e  Impacts 
N % 
7 3 1.4 
3006 59.0 
1282 25.1 
367 7 - 2  
34 0 7 
20 0.4 
3 17 6.2 
5099 100.0 
Other  Impacts 
N % 
30 3 1 ~9 
9468 60.2 
3420 21.7 
I 1  13 7 . 1  
470 3 - 0  
4 0 0.3 
913 5 8 
15727 100 .O 
NCSS 1 
Vehicle Counts for Side Impacts v s .  Other Impacts 
(we i gh ted) 
Vehicle Model Type 
The distributions of the number of occupants in the accident 
vehicles are shown in Tables 21 and 22. In both data sets side-impacted 
vehicles tend to have a greater number of occupants. 
Model Type 
Intermediate . . . . . . .  
. . .  Standard (full size) 
. . . . .  Luxury/Limousine 
Min-specialty . . . . . . .  
. . . . . .  Personal Luxury 
. . . . . .  Specialty Pony 
Specialty Intermediate . . 
Compact . . . . . . . . . .  
Sub-compact/Mi n i (import) . 
. . . . . . . .  Super Sport 
Pickup-car . . . . . . . .  
Sub-compactlMini (domestic) 
Foreign Sport . . . . . . .  
Total . . . . . . . .  
Unknown Pass. Car . . 
Side Impacts 
N % 
1676 19. 1 
1899 21.7 
297 3 4 
152 1.7 
187 2.1 
92 1 10.5 




3 4 .4 
658 7.5 






















Veh i c l e  Counts f o r  S ide lmpacts vs.  Other lmpacts 
(weighted) 
Veh i c l e  Body S t y l e  
Body S t y l e  
Passenger Car 
S t a t i o n  Wagon 
C o n v e r t i b l e  . 
Pickup - car  
T o t a l  . 
S ide  Impacts 
N % 
7832 89.5 
7 45 8 - 5  
144 1.6 




27668 89 7 
2648 8.6 
386 1 . 3  
157 . 5  
30859 100.0 
TABLE 21 
F A R S  1979 
F a t a l  V e h i c l e  Counts f o r  Side lmpacts vs .  Other Impacts 
Number o f  Occupants 
Other Impacts 
N % 
7766 49 .4  
4594 29.2 
1 7  13 10.9 
1049 6 . 7  
354 2.3 
14 1 0.9 
5 0 0 3 
2 2 0 . 1  
9 0.1 
4 0.0 
3 0 .o 
2 0 .o 







1 . . . . . . . .  
2 . . . . . . . .  
3 . . . . . . . .  
4 . . . . . . . .  
5 . . . . . . . .  
6 . . . . . . . .  
7 . . . . . . . .  
8 . . . . . . . .  
g . . . . . . . .  
10 . . . . . . . .  
1 1  . . . . . . . .  
12 . . . . . . . .  
13 . . . . . . . .  
1 5 . .  . . . . . .  
Unknown . . . . .  
T o t a l  . . . .  
T o t a l  Occupants by 









4 7 0 .9  
19 0.4 









1 0098 (25.4%) 
TABLE 22 
NCSS 1 
Vehicle Counts for Side lmpacts vs . Other lmpacts 
(weighted) 
Number of Occupants 
Occupants 
1 . . . . . . . .  
2 . . . . . . . .  
3 . . . . . . . .  
4 . . . . . . . .  
5 . . . . . . . .  
6 . . . . . . . .  
7 . . . . . . . .  
8 . . . . . . . .  
9 . . . . . . . .  
1 1  . . . . . . . .  
13 . . . . . . . .  
. . . .  Total 
Total Occupants by 






4 15 4 . 7  
118 1.3 
4 1 0.5 









20 183 65.4 
6852 22.2 




4 7 0.2 






2,4 Occupant Characteristics 
Occupant age distributions from the two files are shown in Tables 
23 and 24. Table 24 shows only trivial differences between the impact 
types across the age distribution. The fatal accident data show an 
overrepresentation of older persons in side impacts. 
TABLE 23 
FARS 1979 
Fatal Vehicle Occupant Counts for Side lmpacts vs. Other Impacts 
Females are clearly overrepresented in the side-impact category in 
both the FARS (Table 25) and NCSS (Table 26) data. The detai led 
breakdown of females into "pregnant," etc. i s  rather uncertain, but i s  
Age 
(years) 
0-5 . . . . 
6-10 . .  . 
11-15 . . . 
16-20 . . . 
21-29 . . . 
30-39 . . . 
40-49 . . : 
50-59 . . . 
60-64 . . . 
65-69 . . . 
70-74 . . . 
75-79 * 






2 7 8 2.8 
555 5.6 




68 1 6.9 
327 3 3 
345 3.5 
326 3 . 3  
292 2.9 
284 2.9 




9 35 3 2 
6 30 2.2 
1383 4.8 






6 7 2 2.3 







Occupant Counts f o r  S i d e  lmpacts vs .  Other lmpacts 
(we ighted)  
Occupant Age 
I (years)  
0-4 . . . 
5-9 . . . 
10-14 . . 
15-19 . . 
20-24 . . 
25-34 . . 
35-44 . . 
45-54 . . 
55-64 . . 
65-74 . . 
Over 74 . 
T o t a l  
M.D. 
I S ide  lmpacts I Other lmpacts I 
i n c l u d e d  h e r e  because t h e  " n o t  p regnan t "  g roup i n c l u d e s  many o l d e r  
women, and t h a t  g roup i s  e v i d e n t l y  more l i k e l y  t o  be i n v o l v e d  i n  s i d e  
impacts .  
R e s t r a i n t  usage i s  t a b u l a t e d  i n  Tab les  27 ( f o r  FARS) and 28 ( f o r  
NCSS). Coding i s  e s s e n t i a l l y  e q u i v a l e n t  i n  t h e  two f i l e s ,  b u t  t h e  
source o f  d a t a  i s  d i f f e r e n t .  FARS r e p o r t s  come p r i m a r i l y  f rom p o l i c e  
a c c i d e n t  r e p o r t s ;  t h e  NCSS e n t r i e s  r e s u l t  f rom t h e  i n v e s t i g a t o r s '  
we igh ted  judgment,  c o n s i d e r i n g  p o l i c e  r e p o r t s ,  i n t e r v i e w s ,  and o t h e r  
ev idence.  I n  t h e  f a t a l  a c c i d e n t  s e t  fewer than  3% o f  t h e  e n t r i e s  show 
TABLE 25 
F A R S  1979 




Occupant Counts f o r  S ide  lmpacts vs .  Other lmpacts 





F ema 1 e 
Female - Not Pregnant  . . 
Female - Pregnant  . . . . 
Female - pregnancy Unknown 
T o t a l  . . . . . . . . .  
M.D. . . . . . . . . . 







4 9 3 







3468 7 3 
47290 100.0 
60 3 
any kind of restraint use compared with about 8% in NCSS. The slight 
differences between side-impact and other collision configurations are 
not of much practical significance. 
TABLE 27 
FARS 1979 
Fatal Vehicle Occupant Counts for Side lmpacts vs. Other lmpacts 
Restraint Usage 
An inversion of the two data sets shows up for ejection. Table 29 
displays ejection counts for FARS, and indicates that ejections are more 
common for other than side-impact accidents. In Table 30 (NCSS) side- 
impact ejections are more common. Again missing data have been 
eliminated from the tables, but reporting is relatively complete for 
this variable. Table 31 displays a more detailed ejection variable from 
NCSS, along with some entrapment information. Partial ejections 
Restraint 
(act i ve) 
None Used . . . . 
Torso Only . . . 
Lap Only . . . . 
Lap and Torso . . 
Child Safety Seat 
Restraint Used- 
Type Unknown . . 
Total . . . . 





7605 96 9 
8 0.1 
1 1  1 1.4 
9 3 1.2 
5 0.1 
2 6 0.3 
7848 100.0 
2 165 
228 18 97.4 
3 1 0.1 
258 1.1  
225 1.0 
2 5 0.1 





Occupant Counts f o r  S ide  lmpacts vs .  Other lmpacts 
(weighted) 
R e s t r a i n t  Used 
( g e n e r a l l y  d e f i n e d  by h a v i n g  a  p a r t  o f  an o c c u p a n t ' s  body beyond t h e  
normal boundary o f  t h e  passenger compartment) r e p r e s e n t  l e s s  than  a  
q u a r t e r  o f  a l l  r e p o r t e d  e j e c t i o n s  i n  e i t h e r  N C S S  o r  FARS. T a b l e  32 
shob~s t h e  p r o p o r t i o n  o f  occupants  w i t h  i n j u r i e s  o f  A I S - 3  o r  g r e a t e r ,  and 
A IS-4  o r  g r e a t e r ,  The i n c i d e n c e  o f  i n j u r i e s  above e i t h e r  s e v e r i t y  
t h r e s h o l d  i s  s u b s t a n t i a l l y  h i g h e r  i n  t h e  s ide - impac ted  c a r s .  The t a b l e  
a l s o  shows t h e  p r o p o r t i o n  o f  e j e c t e d  o r  u n e j e c t e d  occupants who s u s t a i n  
i n j u r i e s  a t  o r  above t h e  same s e v e r i t i e s .  D i f f e r e n c e s  between s i d e  and 






0  0 .O 
1559 3 9 
1694 4.2 
89 0.2 




R e s t r a i n t  
None Used . . . . 
Torso  Only . . . 
Lap Only . . . . 
Lap and Torso . . 
C h i l d  S a f e t y  Seat  
Pass i ve  B e l t  . . 
Not Equipped . . 
T o t a l  . . . 
M.D. . . . 











t imes  as l i k e l y  t o  s u s t a i n  seve re  i n j u r i e s  t h a n  t h o s e  n o t  e j e c t e d .  The 
d i f f e r e n c e s  a re ,  o f  course,  p a r t l y  r e l a t e d  t o  c r a s h  s e v e r i t y - - a c c i d e n t s  
i n v o l v i n g  e j e c t i o n  b e i n g  more seve re  than  o t h e r s .  Bu t  t h e  e j e c t i o n  
e f f e c t  i s  l i k e l y  t o  be i m p o r t a n t  i n  i t s e l f .  Among t h e  (NCSS) occupants  
who s u s t a i n e d  i n j u r i e s  o f  AIS-3 o r  g r e a t e r ,  19.9 p e r c e n t  o f  t hose  i n  
s i d e  impacts were e j e c t e d  as compared w i t h  14.0 p e r c e n t  f o r  o t h e r  
impacts.  The co r respond ing  f i g u r e s  f o r  occupants  w i t h  AIS o f  4 o r  
g r e a t e r  a r e  26.8% and 24.5%, r e s p e c t i v e l y .  
F A R S  1979 
F a t a l  V e h i c l e  Occupant Counts f o r  S ide  Impacts v s .  Other lmpacts 
Occupant E j e c t  i on 
Entrapment i s  r e p o r t e d  s e p a r a t e l y  f rom e j e c t i o n  i n  FARS (Tab le  33) 
and i n  NCSS (Tab le  34) .  A 1  though t h e  l a b e l  " e x t r i c a t i o n "  i s  used i n  
F A R S  and "ent rapment"  i n  NCSS, these a r e  t a k e n  as e q u i v a l e n t .  There  i s  
E j e c t  i o n  
Not  E j e c t e d  . , . . 
T o t a l l y  E j e c t e d  . . 
P a r t i a l l y  E j e c t e d  . 
(Both  E j e c t i o n s )  
T o t a l  . . . .  
M.D. . . . .  




22 1 2.2 
(1 266) (12.1) 
9929 100.0 











Occupant Counts f o r  S i d e  lmpacts vs .  Other Impacts 
(weighted) 
Occupant E j e c t  i on 
l i t t l e  d i f f e r e n c e  i n  t h i s  v a r i a b l e  f o r  s i d e  and o t h e r  impact  types,  
a1 though entrapment i s  c l e a r l y  a s s o c i a t e d  w i t h  t h e  more seve re  ( f a t a l )  
c rashes .  
-- - 
I n j u r i e s  a r e  r e p o r t e d  i n  F A R S  u s i n g  t h e  usua l  p o l i c e  (KABCO) s c a l e ,  
and i n  NCSS i n  s e v e r a l  ways. The F A R S  p o l i c e  s c a l e  i s  shown i n  Tab le  
35, and f a t a l  i n j u r i e s  a r e  s l i g h t l y  under rep resen ted  i n  t h e  s ide - impac t  
column, a l t h o u g h  t h e  d i f f e r e n c e s  i n  t h e  two d i s t r i b u t i o n s  a r e  p robab ly  
n o t  o f  much p r a c t i c a l  s i g n i f i c a n c e .  By c o n t r a s t ,  f a t a l  i n j u r i e s  a r e  
o v e r r e p r e s e n t e d  i n  s i d e  impacts i n  t h e  NCSS d a t a  (Tab le  36) . Note t h a t  
t h e  FARS d a t a  r e p r e s e n t  c a r s  i n  wh ich  a t  l e a s t  one person was f a t a l l y  
i n j u r e d ,  whereas t h e  NCSS d a t a  r e p r e s e n t  a l l  c a r s  towed f o r  damage as 
t h e  r e s u l t  o f  a  c rash .  There  a r e  r e l a t i v e l y  few u n i n j u r e d  persons i n  
. c a r s  i n  wh ich  a  person has been k i l l e d ,  b u t  t h e r e  a r e  a  number o f  
towaways i n  wh ich  t h e r e  were no i n j u r i e s  a t  a l l .  
Other Impacts 
N % 
E j e c t e d  
S ide  impacts 
N % 
- 
N o . . . .  
Yes . .  . 












Occupant Counts f o r  S ide  lmpacts v s .  Other lmpacts 
(we i gh ted)  
E j e c t  ion/Entrapment 
Not  E j e c t e d  o r  Trapped . 
Complete E j e c t i o n  . . . 
P a r t i a l  E j e c t i o n  . . . . 
P a r t i a l l y  E j e c t e d  
and Trapped . . . . . 
E j e c t e d  - Degree Unknown 
Trapped . . . . . . . . 
T o t a l  . . . . . . . 
M.D. . . . . . . . 
S ide  Impacts 
N % 
13889 9 7 + 5  
165 1.2 
5 7 , 4  







46593 98 $ 5  
303 .6 








I n j u r y  and E j e c t i o n  f o r  Occupants i n  
S ide  lmpacts vs .  Other lmpacts 
A l l  Occupants: 
Pe rcen t  w i t h  AIS = 3+ . . 
Percen t  wi t h  AI S = 4+ . . 
E j e c t e d  Occupants: 
Pe rcen t  w i t h  AIS = 3+ . . 
Percen t  w i t h  AIS = 4+ . . 
Non-Ejected Occupants: 
Pe rcen t  w i t h  AIS = 3+ . . 
Percen t  w i t h  AIS = 4+ . . 




TABLE 3 3  
F A R S  1979 
Fa ta l  Veh ic le  Occupant Counts f o r  S ide lmpacts vs .  Other Impacts 
Occupant E x t r i c a t i o n  
TABLE 34  
E x t r i c a t i o n  
Requi red 
N O . .  . . 
Yes . . .  
To ta l  
M.D.  
NCSS 1 








N o . . . .  
Yes . . .  
T o t a l  
M.D. 





















F A R S  1979 
Fa ta l  Veh ic le  Occupant Counts f o r  Side lmpacts vs .  Other lmpacts 




1009 3 . 4  
3296 11.3 
6299 2 1 . 5  
17940 61.3 
4 0 0.1 
1 0 ,O 
29277 100.0 
19 
l n j u r y  Seve r i t y  
No I n j u r y  (0) . . . . . . 
Poss ib l e  i n j u r y  (C) . . . 
Non - I n c a p a c i t a t i n g  
I n j u r y  (8) . . . . . . . 
Incapaci  t a t i n g  I n j u r y  ( A )  
Fa ta l  (K)  . . . . . . , . 
l  n j u r e d  - Sever i t y  Unknown 
Died P r i o r  t o  Acc ident  . 
To ta l  . . . . . . . . 














Occupant Counts f o r  S ide  lmpacts vs ,  Other  lmpacts 
(we ighted)  
Occupant F a t a l i t y / T r e a t m e n t  
F a t a l i t y / T r e a t r n e n t  
S i d e  Impacts 
N % 
F a t a l  . . . . . . . . .  
H o s p i t a l i z e d  Overn igh t  . 
T r a n s p o r t e d  and Released 
Other Treatment  . . . . 
Not T r a n s p o r t e d  - 
No Treatment  . . . . 
Not T r a n s p o r t e d  - 
Treatment  Unknown . . 
T o t a l  . . . . , , . 
M.D. . . . . . . . 







5 17 3 6 
14378 100.0 
4 5 
318 0  7 




2589 5 . 4 
47638 100.0 
255 
3.0 D e t a i l e d  D e s c r i p t i v e  S t a t i s t i c s  
f o r  Side-Impacted Passenger Cars 
I n  t h i s  s e c t i o n  o f  t h e  r e p o r t  d e t a i l e d  d e s c r i p t i v e  s t a t i s t i c s  f o r  
s ide - impac ted  v e h i c l e s  w i l l  be p resen ted .  These t a b u l a t i o n s  come f rom 
b o t h  F A R S  and NCSS, a l t h o u g h  t h e  b u l k  o f  t h e  m a t e r i a l  w i l l  be  f rom t h e  
l a t t e r  source.  The p r i n c i p a l  compar isons w i l l  be made between v e h i c l e s  
i n v o l v e d  i n  m u l t i - v e h i c l e  c o l l i s i o n s  and those  i n  s i n g l e - v e h i c l e  
c o l ' l i s i o n s .  T h i s  c h o i c e  was made i n  p a r t  because o f  t h e  f i n d i n g  
r e p o r t e d  i n  t h e  Kaplan/OIDay s tudy  t h a t  s i n g l e - v e h i c l e  s ide - impac t  
c o l ' l i s i o n s  were r e l a t i v e l y  more severe .  I n  S e c t i o n  4, i n d i v i d u a l  f a t a l  
s i d e - i m p a c t  cases w i l l  be rev iewed i n  some depth ,  and one purpose o f  t h e  
p r e s e n t a t i o n  i n  S e c t i o n  3 s e t  t h e  s t a g e  f o r  t h i s  r e v i e w  
l m p a c t  D e s c r i p t o r s  
T a b l e  37 d i s p l a y s  t h e  d i s t r i b u t i o n  o f  damage on t h e  r i g h t  and l e f t  
s i d e s  o f  s ide - impac ted  passenger c a r s  i n  t h e  NCSS Phase 1 d a t a .  I t  can 
be observed t h a t  s i n g l e - v e h i c l e  cases a r e  a  l i t t l e  more than  o n e - s i x t h  
o f  t h e  t o t a l ,  and t h a t  m u l t i - v e h i c l e  c rashes account  f o r  r e l a t i v e l y  few 
o f  t h e  d i s t r i b u t e d  damage cases. Note  t h a t  t h e r e  a r e  h i g h e r  p r o p o r t i o n s  
o f  c e n t e r  o n l y  o r  d i s t r i b u t e d  damage among the  s i n g l e - v e h i c l e  crashes.  
T a b l e  38 i s  a  comparable d i s p l a y  taken  f rom F A R S .  As i n  t h e  NCSS 
dat,a, t h e r e  a r e  more s i n g l e - v e h i c l e  r i g h t  impacts.  Of more importance 
i s  t h e  f a c t  t h a t  30.6% o f  t h e  f a t a l  s ide- impacted v e h i c l e s  r e s u l t e d  f rom 
s i n l g l e - v e h i c l e  c rashes as opposed t o  17.6% i n  t h e  towaway s e t .  
I n  t h e  NCSS m u l t i - v e h i c l e  group t h e  r i g h t  and l e f t  s i d e s  a r e  . 
d i v i d e d  about  equal  l y .  But  i n  t h e  s i n g l e - v e h i c l e  g roup  t h e r e  a r e  35% 
more r i gh t - s  i de than  1 e f  t - s  i de i  rnpac ts - -887 compared t o  657. N,ote a  1 so 




Veh i c l e  Counts For S ing le -  vs. M u l t i - V e h i c l e  lmpacts 
(weighted) 
S ide o f  Veh i c l e  Impacted 
f i  Percentages i n  parentheses a re  f o r  the  t o t a l  r i g h t  and l e f t  
impacts. Other percentages t o t a l  100% w i  t h i n  each s i de .  
Side 
R i g h t .  . , . 
F ron t  . , . 
Rear . . . 
D i s t r i b u t e d  
Center . . 
Frt./Ctr. . 
Rear /Ct r .  . 
L e f t  . . . . 
F ron t  . . . 
Rear . . .  
D i s t r i b u t e d  
Center . , 
Frt./Ctr. . 
Rear /Ct r .  . 
T o t a l  . 
s i n g l e -  and m u l t i - v e h i c l e  groups. The d i s t r i b u t e d  and cen te r  p a t t e r n s  
account f o r  43% o f  t h e  s i ng les ,  b u t  o n l y  14% o f  m u l t i s .  On the o t h e r  
hand, damage t o  t h e  f r o n t  t w o - t h i r d s  o r  r ea r  t w o - t h i r d s  i s  much more 
common i n  t he  m u l t i - v e h i c l e  impacts. 
S i n g l e  
N % 
887 (57.4) 
2 7 2 30.7 
115 1 3 .O  
204 23.0 
154 1 7 . 4  
8 6 9 - 7  
56 6 3 
L!il (42.6) 
168 25.6 
8 0  12.2 
20 1 30.6 
109 16.6 
4 5 6 .8  
5 4 8 .2 
1544 (100.0) 
Mu1 t i  
N % 
3634 (50.3) * 
1305 35-9  
2 7 6 7 . 6  
209 5.8 
239 6.6 




32 1 8 - 9  
2 7 9 7 - 8  
270 7 - 5  
808 22.5 
620 17 .3  
7223 ( 100.0) 
TABLE 38 
FARS 1979 
Fatal Side Impacted Vehicle Counts For 
Single-Vehicle vs. Multi-Vehicle Involvements 
Point of Principal impact 




















609 39 - 0  




1714 - 48.4 
249 7 - 0  
1372 38.8 
9 3 2.6 





Other components of the CDC are compared for single- and multiple- 
vehicle crashes in Tables 39, 40, 41, and 42, Table 39 indicates a 
quarter of the single-vehicle side-impacted cars are coded with 
distributed damage as opposed to 7.1% of the multi-vehicle group. Table 
40 shows the distribution of vertical location of damage, and only cars 
in single-vehicle crashes sustain a substantial proportion of the damage 
in the upper regions of the vehicle structure. The frame level is 
involved in nearly all side impacts--92% of the single-vehicle and 97% 




Vehicle Counts For Single- vs. Multi-Vehicle Impacts 
(weighted) 















(P) Pass. Compartment 
(Y) Front Pass. Cornp. 




446 28. 9 
214 13 -9 
394 25.5 




Table 4 1  represents  t he  f o u r t h  l e t t e r  o f  t he  Col 1 i s i o n  Deformat ion 
C1a :ss i f i ca t i on  (CDC) code, and i t  can be seen t h a t  t he  m u l t i p l e - v e h i c l e  
cra:shes e x h i b i t  the l a r g e s t  p r o p o r t i o n  o f  wide impact damage. Only 
15.7% o f  t he  ca rs  i n  s i n g l e - v e h i c l e  crashes s u s t a i n  "narrow" damage. 
Table  42  i nd i ca tes  the  c lock  d i r e c t i o n  o f  impact f o r c e  f o r  t he  two 
typ~es o f  crashes. I t  i s  c l e a r  t h a t  i n  the  m u l t i p l e - v e h i c l e  impacts t he  
d i r l ec t i on  o f  f o r c e  was most o f t e n  a t  10 o ' c l o c k  o r  2 o ' c l o c k ,  whereas 
f o r  s i n g l e - v e h i c l e  crashes i t  was most o f t e n  between 1 1  and 1 o ' c l o c k .  
R e l a t i v e  Headinq o f  Vehic les  a t  Impact - 
A s imu la ted  m u l t i - v e h i c l e  impact compliance t e s t  as proposed by 
NHTSA would r e q u i r e  s e l e c t i o n  o f  geometr ic c o n f i g u r a t i o n s  f o r  the  
imp,acts. S e l e c t i n g  t e s t  c o n f i g u r a t i o n s  t h a t  represent  ac tua l  
c o l l i s i o n s ,  o r  j u s t  dangerous ac tua l  c o l l i s i o n s ,  would r e q u i r e  knowledge 
o f  bo th  the  d i r e c t i o n s  o f  impact f o r c e  vec to r s  and the  r e l a t i v e  
o r i e n t a t i o n  o f  v e h i c l e s  a t  impact. The d i r e c t i o n  o f  t he  impac t - fo rce  
vec to r  i s  g iven  by t he  c l ock  d i r e c t i o n  o f  t he  C D C  ( i n  30 aegree 
inc~rements) i n  the  NCSS f i l es .  The r e l a t i v e  headings o f  the  v e h i c l e s  
a re  no t  given, except i n  the  smal l  number o f  cases i n  which scene da ta  
were p rov ided  f o r  CRASH2 recons t ruc t i on .  Even f o r  these l a t t e r  cases, 
t he  da ta  have no t  been inc luded  i n  t he  computer f i l e s .  
The r e l a t i v e  angular o r i e n t a t i o n  o f  t h  two v e h i c l e s  a t  impact can 
be de r i ved  from the  f o r ce  d i r e c t i o n s  i f  a  s imple assumption i s  a l lowed.  
The instantaneous fo rces  on two c o l l i d i n g  v e h i c l e s  a re  equal and 
oppos i te .  Al though the crush represented by the  C D C  does no t  
necessa r i l y  r e s u l t  from a  s i n g l e  f o r c e  cons tan t  i n  e i t h e r  d i r e c t i o n  o r  
t ime, we norma l l y  i n t e rp re t - - and  ass ign-- the impact f o r c e  d i r e c t i o n  on 
t h e  bas i s  o f  a  s i n g l e  p r i n c i p a l  f o r ce .  I f  we assume t h i s  s i m p l i f i c a t i o n  
i s  v a l i d ,  and t h a t  the p r i n c i p a l  fo rces  on t h e  two v e h i c l e s  a r e  equal 
and oppos i t e ,  we can d e r i v e  t h e  angle  between t h e  two l o n g i t u d i n a l  axes 
o f  t h e  v e h i c l e s  a t  impact f rom t h e  two C D C  c l o c k  d i r e c t i o n s ,  s i nce  each 
c l ock  d i r e c t i o n  i s  the  ang le  between t h e  l o n g i t u d i n a l  a x i s  and the  
(common) l i n e  o f  p r i n c i p a l  f o r c e .  
HSRl has cons t ruc ted  a  two-veh ic le  f i l e  o f  NCSS cases from the  
f i r s t  f i f t e e n  months o f  da ta ,  complete w i t h  occupant da ta  on up t o  seven 
occupants per v e h i c l e .  For use i n  t h i s  s tudy,  the  r e l a t i v e  heading 
ang le  has been de r i ved  i n  30 degree increments f o r  case v e h i c l e s  s ide -  
impacted by  another v e h i c l e ,  and t he  r e s u l t s  added t o  t he  da ta  f i l e s  as 
a d d i t i o n a l  v a r i a b l e s ,  The d e r i v a t i o n s  were l i m i t e d  t o  those case 
v e h i c l e s  s t r u c k  i n  the  s i d e  i n  t he  f i r s t  impact ( i f  t he re  was more than 
one) and f o r  which the  s i d e  impact was 1 i s t e d  as  t he  most severe 
impact-- i .e. ,  t he  h igher  de l ta -V .  V a l i d  heading angles were computed 
f o r  1238 case v e h i c l e s .  The r e l a t i v e  heading ang le  was no t  d e r i v e d  f o r  
s i n g l e - v e h i c l e  s i d e  impacts. 
The r e l a t i v e  heading i s  g i ven  r e l a t i v e  t o  a c lock  a l i g n e d  w i t h  12 
a long  w i t h  t h e  +X a x i s  o f  t h e  v e h i c l e  i n  a  manner analogous t o  the  
d i r e c t i o n  o f  p r i n c i p a l  f o r c e ,  except t h a t  t he  f o r c e  vec to r  i s  rep laced  
by the  +X a x i s  o f  the  s t r i k i n g  v e h i c l e .  
The d i s t r i b u t i o n  o f  r e l a t i v e  headings i s  shown i n  Tab le  43 a long 
w i t h  t h e  d i s t r i b u t i o n  o f  t h e  d i r e c t i o n  o f  t he  p r i n c i p a l  impact f o r ce .  
Over 60 pe rcen t  o f  the  f o r c e  d i r e c t i o n s  a re  e i t h e r  2 o r  10 o ' c l o c k ,  
w h i l e  63% o f  the  r e l a t i v e  headings a r e  a t  3 o r  9 o ' c l o c k .  Thus n e a r l y  
t w o - t h i r d s  o f  the  two-veh ic le  c o l l i s i o n s  i n v o l v i n g  s ide- impacts  a re  
i n t e r s e c t i o n - t y p e  c o l l i s i o n s  i n  which the  v e h i c l e s  a re  o r i e n t e d  a t  r i g h t  




Vehicle Counts For Single- vs. Multi-Vehicle Impacts 
(weighted) 
Vertical Location of Damage 
A measure of crash severity is available in the NCSS data as the 
reported Del ta-V (the change in velocity at impact) . Table 44 shows 
this distribution in 5-mile-per-hour groups. The differences are mixed, 
and these could possibly be explained by differences in the method of 
con~puting Delta-V as well as by real differences. Cars in multi-vehicle 
crashes show a substantial ly higher frequency between 6 and 15 mph. 
Mu1 ti 
N % 
2 3  1 3 2 
15 0.2 
6765 9 3 - 7  
0 0.0 
2 12 2 .9  
7223 100.0 
Locat ion 
( A )  Entire Height . 
(HI Top of Frame to 
Top of Vehicle . 
(E) Everyth i ng Be1 ow 
Glass . . . . . . 
(L)  Top of Frame, 
Frame, and Below 
(M) Top of Frame to 
Glass or Hood . . 




2 90 18.8 
15 1 .O 
104 1 67.4 






Vehicle Counts For Single- vs. Multi-Vehicle lmpacts 
(weighted) 
Type of Damage Distribution 
Objects struck by (or striking) the side impacted car are shown in 
Tables 45 and 46. Table 45 (from FARS) identifies trees, utility poles, 
and railroad trains as the most frequent offending object. These three 
items account for 73%of the single-vehicle fatal cars. The multiple- 
vehicle coding is not very detailed, and adds little information. 
Table 46 provides a breakdown of striking vehicle types for NCSS 
with a coding similar to FARS for fixed objects. Of interest is the 
fact that guardrails account for 13.8% of the towed single vehicles as 
compared with only 3% of the fatal single vehicles. Railroad trains are 
grouped with two-vehicle crashes in NCSS, but account for only a small 
percentage of the towaways i n  any case. 
TY pe 
(W) Wide Area Impact . 
(N) Narrow Area Impact 
(S) Sideswipe . . . . 
(E) Corner . . . . . . 
Total , . . . . . 
Single 
N % 
85 1 55.1 
2 4 2 15 * 7 
4 15 26. 9 






65 1 9.0 
250 3-5 




Vehicle Counts For Single- v s .  Multi-Vehicle lmpacts 
(we i gh ted) 
Direction of Impact Force 
Door performance is noted in Tables 47 and 48. Table 44 indicates 
that in single-vehicle crashes doors opened 17% of the time as compared 
with 8.7% in multi-vehicle crashes. The left front door is the one 
wh i c:h is reported to have opened most o f  ten. Tab1 e 48 indicates 
Direction 
(clock points) 
00 (non-hor i zonta 1) 
I . . . . . . . ,  . 
2 . . . . . . , . .  
3 . . . . . . . . .  
4 . . . . . . . , .  
5 . . . . . . . . .  
6 (rear) . . . . .  
7 . . . . . . . . .  
8 . . . . . . . , .  
g . . . . . . . . .  
10 . . . . . . . .  
1 1  . . . , . . . .  
12 (front) . , . . 
Total . . . .  
Single 
N % 





3 4 2.2 
4 3 
12 $8 








1 1  0.2 
569 7.9 
2270 31.5 
26 1 3.6 
279 3.9 
157 2.2 
2 1 .3 
2 4 3 3 - 4  
334 4.6 
384 5.3 
17 14 23.8 
803 1 1 . 1  
177 2-5 
7212 100.0 
TABLE 4 3  
NCSS 1 
Distribution of Derived Relative Headings of Vehicles 
Striking Case Vehicles 
Relative 











1 1  
TOTAL 
Head i ng I ImpactForceDirection 
relatively little differences between single- and multiple-vehicle 
crashes, but reports the left front door latch/hinge damage more often. 
This is interesting, since Table 37 indicated more right-side impacts. 
Intrusion was coded by major component in the Phase 1 portion of 
NCSS. This is displayed in Table 49. While the overall proportion of 
intrusion is about the same in single-and multiple-vehicle crashes 
(40%) , mu1 t i -veh i.cl e crashes account for a1 1 of the s i 1 1  override cases, 





Vehicle Counts For Single- vs. Multi-Vehicle Impacts 
(we i gh ted) 
Tota l  Delta-V: Derived From Damage 
Del ta-V 
(in mph) 
1-5 . . .  
6-10 . . . 
11-15 . . 
16-20 . . 
21-25 . . 
26-30 . . 
31-35 
36-40 . . 
41-45 . . 
46-50 . . 
51-55 
56-60 . . 








189 32 .5 
119 20.5 
8 1 13.9 








2 0 3 
58 1 100.0 
963 
534 12.4 
I 708 39.5 
1271 29.4 
48 1 1 1 . 1  
162 3 . 7  
9 2 2.1 
4 0 0.9 
2 2 0.5 
8 0.2 








Fa ta l  Side-Impacted Veh i c l e  Counts For 
S ing le -Veh i c l e  vs .  M u l t i - V e h i c l e  Involvements 
Most Harmful Event ( ob jec t  s t r uck )  
Con t 'd  on nex t  page 
3.3 Occupant D e s c r i p t o r s  
Table  50 shows t he  d i s t r i b u t i o n  o f  occupant age f o r  s i n g l e -  and 
m u l t i p l e - v e h i c l e  crashes repo r t ed  i n  NCSS,  I n  s i n g l e - v e h i c l e  crashes 
44% o f  t he  occupants a re  under t h e  age o f  20, as compared w i t h  30% i n  
m u l t i - v e h i c l e  crashes. T h i s  suggests t h a t  t he  age f a c t o r  m igh t  be 
cons idered i n  comparing i n j u r y  s t a t i s t i c s  o f  s i n g l e -  and m u l t i p l e -  
v e h i c l e  crashes. 
M u l t i  
N % 
25! - 0.8 
15 0.4 
4 0.1 
0  0.0 
10 0.3 




3 3 2 3 94 .O 
7 3 2.1 
4 0.1 
0  0  .O 
Harmful Event 
Non -co l l i s i ons :  
. . . . .  F i re /Exp los i on  
Immersion . . . . . . .  
. . . . .  Gas I n h a l a t i o n  
F e l l  f rom Veh i c l e  . . .  
Other N o n - c o l l i s i o n  . . 
C o l l i s i o n s :  
Not F i xed Objects :  
. . . . . . .  R.R. T r a i n  
Veh i c l e  i n  T ranspor t  . . 
Veh. i n  Other Roadway . . . . . .  Parked Veh i c l e  
Other Ob jec t  (not  f i x e d )  
S i n g l e  
N % 
2 3.4 
2  7 1 - 7  







0  0.0 
0  0.0 
5 1 3.3 
3 0.2 
7 5 
TABLE 45 (Cont 'd)  
Another major occupant d i f f e r e n c e  i s  seen i n  Table  51 where males 
account f o r  72% o f  the  occupants i n  s i n g l e - v e h i c l e  crashes compared w i t h  
51% i n  m u l t i p l e - v e h i c l e  crashes. 
E j e c t i o n ,  e i t h e r  p a r t i a l  o r  complete, i s  more common i n  s i n g l e -  
v e h i c l e  s ide- impact crashes than i n  m u l t i - v e h i c l e  crashes. Table  52 
shows bo th  e j e c t i o n  and entrapment i n  a  s i n g l e  d i s p l a y .  Adding the 
v a r i o u s  e j e c t i o n  ca tegor ies ,  4 .3% o f  t he  occupants i n  s i n g l e - v e h i c l e  . 
crashes were e j ec ted  as con t ras ted  t o  1 . 1 %  i n  the mu1 t i - v e h i c l e  case, a  
r a t i o  o f  a lmost 4  t o  1 .  A s i m i l a r  r a t i o  ob ta i ns  f o r  entrapment, where 
t he  f i g u r e s  are 2.4% ( s i n g l e )  and 0.6% ( m u l t i p l e ) .  
Harmful Event 
C o l l i s i o n s  ( c o n t ' d ) :  
F i xed Objects:  
B u i l d i n g  . . . . . . . .  
Cu l ve r t /D i t ch  . . . . .  
Curb/Wall . . . . . . .  
D iv i de r  . . . . . . . .  
Embankment . . . . . . .  
Fence . . . . . . . . .  
Guard R a i l  . . . . . . .  
L i g h t  Support . . . . .  
Sign Post . . . . . . .  
Tree/Shrubbery . . . . .  
U t i l i t y  Po le  . . . . . .  
. . . . . . .  Other Pole  
Other F ixed Object  . . .  
Br idge/Overpass . . . .  
To ta l  . . . . . . . .  
M.D. . . . . . . . .  
S ing le  
N % 
19 1.2 
2  9 1.9 
15 1 .O 
2 0.1 
3 0  1.9 
9 0.6 
4 7 3.0 
4 5 2.9 
17 1 . 1  
615 39.4 
337 21.6 
2  7 1 .7  
19 1.2 
5 2  3 4 
1559 100.0 
1 






0  0.0 
7 0.2 




2  6  0 . 7  
3 7 1 .O 








Vehicle Counts For Single- vs. Multi-Vehicle Impacts 
(we i gh ted) 
Object Struck in Impact 
Table Cont'd 
Tables 53 and 54 show the ejection rates for seriously injured 
victims of side impacts. Table 53 gives the rates for fatalities in 








362 5 -0 
948 13.1 
712 9.9 
1 06 1.5 
124 1.7 
6 0.1 











Sub-cornpact . . . . . . .  
Compact . . . . . . . . .  
Intermediate . . . . . .  
Standard (Full Size) . . 
. . . .  Luxury/Limousine 
Truck: 
Truck (to 10,000 lb) . . 
Truck (over 10,000 lb) . 
. . . . .  Tractor-trailer 
Tractor . . . . . . . . .  
Bus: 
School Bus . . . . . . .  
Other Bus . . . , . . . .  
Other Vehicle: 
Tra i 1 er (non-commerc i a 1) 
R. R .  Train . . . . . . .  
Other Vehicle . . . . . .  
Motorcycle/Moped . . . .  
Unknown Vehicle . . . . . . .  
Single 
N % 




0 0 .O 
0 0.0 





- 0 - 0.0
0 0 .O 
0 0.0 
- 0 - 0.0
0 0 .O 





Table 46 Cont'd 
are higher in the NCSS data, both Data set indicate the ejections are 
nearly twice as frequent in single-vehicle as in multi vehicle crashes. 
The frequency of ejection among the seriously injured is substantial in 
both sets, 16 percent for fatalities in FARS and 27 percent for AIS = 4+ 
injuries in The NCSS data, indicating that ejection in side impacts 
remains a significant problem. 
Since ejections differed between the two crash types, it is 
interesting to look at the portals. Table 55 shows the distribution of 
ejection portal in the NCSSl file for single- and multi-vehicle side- 
impact crashes. The side doors are the majority in both cases, but side 
Mu1 ti 
N % 
















Tree (to 6 in diameter) . 
Tree (over 6 i n  diameter) 
. . . . . .  Utility Pole 
. . . . .  Breakaway Pole 
Cu lver t/Ground/ 
R .  R. Tracks/Curb . . .  
Abutment/Retai n i ng Wall / 
Bridge Support . . . .  
Embankment . . . . . . .  
. . . . . . . .  Building 
. . . . . . .  Bridge Rail 
Guard Rail . . . . . . .  
Other Not-movable Object 
Movable Object . . . . . . . .  








139 9 -0 
2 4 1.6 
5 7 3 7 
12 0.8 
4 8 3.1 
213 13.8 






Veh ic le  Counts For S ing le -  vs.  M u l t i - V e h i c l e  lmpacts 
(weighted) 
Doors Which Opened i n  Crash 
SUMMARY 
windows account f o r  much more o f  the  e j e c t i o n  i n  m u l t i - v e h i c l e  than i n  
s i n g l e - v e h i c l e  acc iden ts .  The changes i n  t he  o the r  p o r t a l s  a re  so smal l  
t h a t  they a re  o f  no p r a c t i c a l  s i g n i f i c a n c e .  
Assigned AIS i n j u r y  codes i n  the NCSS da ta  were no t  i n f r e q u e n t l y  
r epo r t ed  as unknown because the  p rec i se  v a l u e  cou ld  no t  be determined. 
By t a k i n g  account o f  o ther  i n f o rma t i on  i n  t he  t h e  NCSS r epo r t s ,  many o f  
the  unknown i n j u r i e s  cou ld  be reassigned t o  broader groupings, thus 
reduc ing the  ex ten t  o f  m iss ing  data.  Two o f  the  these i n j u r y  
d i s t r i b u t i o n s  are shown i n  Tables 56 and 57 .  The f i r s t  groups a l l  




307 4 . 4  
30 0.4 
269 3.8 
2 4 7  3 . 5  




None Opened . . . 
L e f t  . . 
L e f t  F r o n t .  . . . 
L e f t  Rear . . . . 
R igh t  . . 
R igh t  F ron t  . . . 
R i g h t  Rear . . . . 
To ta l  ( veh ic les )  
M.D. . . . . . 
S i n g l e  
N % 
1284 83.2 
l.55 - 10.2 
153 10.1 
2 0.1 
94 - 6.2 
94 6.2 
2 0.1 
1513 N . A .  
3 1 
TABLE 48 
N C S S  1 
S ide  Impacts 
V e h i c l e  Counts For S i n g l e -  v s .  M u l t i - V e h i c l e  Impacts 
(weighted) 
Door Latches o r  Hinges Damaged 
SUMMARY 
o v e r a l l  AIS i n j u r i e s  o f  0, 1 and 2  toge the r  and compares them w i t h  those  
o f  AIS-3 o r  above ( i n c l u d i n g  a l l  f a t a l i t i e s ) .  The second shows a s p l i t  
one l e v e l  h igher - -AIS i n j u r i e s  o f  0, 1 ,  2, and 3 vs .  those o f  4 and 
g r e a t e r .  T h e ' s p l  i t  i n  t h e  l a t t e r  t a b l e  (g roup ing  i n j u r i e s  o f  AIS-4 o r  
above) cor responds t o  t h e  l e v e l  d i scussed  i n  t h e  advanced n o t i c e  o f  
proposed ru lemak ing.  S i n g l e - v e h i c l e  s ide - impac t  crashes account  f o r  
about  t w i c e  t h e  p r o p o r t i o n  o f  t hese  s e r i o u s  i n j u r i e s  as do m u l t i - v e h i c l e  
c rashes.  
Latches/Hinges Damaged 
None Damaged . . . 
L e f t  : 
L e f t  F r o n t  . . . . 
L e f t  Rear . . . . . 
R i g h t :  
R i g h t  F r o n t  . . . . 
R i g h t  Rear . . . . 
T o t a l  ( v e h i c l e s )  
M.D. . . . . 
S i n g l e  
N % 
876 56 7 
369 25.3 
347 23.8 
4  5 3 . 1  
3;)1 - 22 .O 
299 20.5 
50 3 * 4  
1459 N.A. 
8 5 
Mu1 t i  
N % 
4005 55 4 
1003 23.6 
1486 21.8 
35 1 5 9 2  
1403 - 20.6 
1278 1 8.8 
353 5 9 2 





Vehicle Counts For Single- vs. Multi-Vehicle lmpacts 
(weighted) 
Intruding Components 
Tab1 e 58 shows the di str i but i on of seat occupancy for side- impacted 
vehicles in the two crash categories. Cars in multi-vehicle crashes 
have a somewhat higher rear seat occupancy, and a larger average number 









2 2 0 3 
9 0.1 
203 2.8 
9 5 1.3 
7223 100.0 
Component 
No Intrusion.. . . .  
Steering Column . . 
A-Pillar . . . . . . .  
Steering Column 
and A-Pillar . . .  
Side . . . . . . . . .  
Side - with 
Sill Override . . .  
Roof . . . . . . . . .  
. . . . . . .  Rear-end 
Other Area Combination 
. . . . . . .  Unknown 
Total . . . . . .  
Single 
N % 














Occupant Counts For S ing le -  vs .  M u l t i - V e h i c l e  Side Impacts 
(weighted) 
Occupant Age 
mu1 t i p l e )  . L e f t - s i d e  occupancy i s  about 1.2% h igher  than r i g h t  f o r  
those cars  i n  s i n g l e - v e h i c l e  crashes. About two- th i rds  o f  a l l  occupants 
a re  i n  l e f t  seats  i n  these cars ,  regard less  o f  the  c o l l i s i o n  type.  
3 
M u l t i  
N % 
403 3 9 4 
437 3 7 
525 4.4 
2 199 18.6 
2020 17 .O 
2402 20.3 
1352 11 .4  
109 1 9 2 
7 17  6 .O 
420 3.5 
287 2.4 




0-4 . . . 
5-9 . . . 
10-14 . . 
15-19 . . 
20-24 . . 
25-34 . . 
35-44 . . 
45-54 . . 
55-64 . . 
65-74 . . 
Over 74 . 
To ta l  
M.D.  
L 
S ing le  
N % 
2 9 1.2 
4 2 1.8 
86 3.6 
883 37 - 4  
63 1 26.7 
3 7 8 16.0 
166 7 - 0  
65 2.7 







S ide  lmpacts 
Occupant Counts For S i n g l e -  v s .  M u l t i - V e h i c l e  Impacts 
(weighted) 
Occupant Sex 
A f u r t h e r  aspec t  o f  t h e  s e a t  l o c a t i o n  i n f o r m a t i o n  j u s t  p resen ted  i s  
whether o r  n o t  t h e  occupants  a r e  on t h e  near s i d e  o r  f a r  s i d e  r e l a t i v e  
t o  t h e  impact .  Tha t  r e l a t i o n s h i p  i n  t h e  NCSS d a t a  i s  shown i n  T a b l e  59, 
w i t h  48.5 p e r c e n t  o f  a l l  occupants h a v i n g  n e a r s i d e  exposure. The 
co r respond ing  exposures among FARS f a t a l i t i e s  i s  58.9 p e r c e n t  n e a r s i d e  
i n  s i n g l e - v e h i c l e  impacts,  and 65.0 p e r c e n t  i n  mu1 t i - v e h i c l e  c rashes,  
f o r  an aggrega te  o f  63.2% n e a r s i d e  exposures.  The r e l a t i o n s h i p s  between 
n e a r s i d e / f a r s i d e  exposure and i n j u r y  i n  these  t o  a c c i d e n t  types i s  shown 
i n  T a b l e  60. i n  eve ry  case t h e  p r o p o r t i o n  o f  occupants  w i t h  i n j u r i e s  a t  
o r  above a  g i v e n  l e v e l  i s  about  t w i c e  as h i g h  i n  n e a r s i d e  exposures as 
f a r s i d e .  F u r t h e r ,  i n  a l l  cases, t h e  s i n g l e - v e h i c l e  p r o p o r t i o n s  a r e  
n e a r l y  t w i c e  the  m u l t i - v e h i c l e  p r o p o r t i o n s .  These phenomena a r e  
Sex 
Male . . . . . . . . . . . .  
Female: 
Female - Not Pregnant  . . 
Female - Pregnant  . . . .  
Female - Pregnancy Unknown 
T o t a l  . . . . . . . . .  
M.D.  . . . . . . , . .  
S i n g l e  
N % 
1716 71.6 
- 682 28.4 
588 24.5 




Mu1 t i  








TABLE 5 2  
NCSS 1 
Side Impacts 
Occupant Counts For S ing le -  vs.  M u l t i - V e h i c l e  Impacts 
(weighted) 
E j e c t  i on/Entrapment 
Not E jec ted  or Trapped . 
Complete E j e c t i o n  . . .  
P a r t i a l  E j e c t i o n  . . . .  
P a r t i a l  E j e c t i o n  
and Trapped . . . . .  
E jec ted  - Degree Unknown 
Trapped . . . . . . . .  
T o t a l  . . . . . . .  
M.D. . . . . . . .  
I S i n g l e  I M u l t i  I 
e s s ~ ~ n t i a l l y  independent, so t h a t  a  nears ide  occupant i n  a  s i n g l e - v e h i c l e  
cra~sh has about four  t imes t he  r i s k  o f  a  f a r s i d e  occupant i n  a  m u l t i -  
v e h i c l e  acc iden t .  
For more than h a l f  o f  the  case v e h i c l e s  r epo r t ed  i n  t he  NCSS 
prolgram, a  va l ue  o f  t h e  change o f  v e l o c i t y  a t  impact (Del ta-V) has been 
computed. Although t h e r e  i s  cons iderab le  m iss ing  da ta  on t h i s  v a r i a b l e ,  
and more miss ing  f o r  s i ng l e - t han  m u l t i - v e h i c l e  cases, t he  p r o p o r t i o n  o f  
i n j u r i e s  by  Del ta-V i s  o f  i n t e r e s t .  Table  61 shows the  the  Del ta-V 
d i s t r i b u t i o n  (and t he  percent  i n j u r e d  a t  A I S - 4  o r  g rea te r )  f o r  
TABLE 53 
F A R S  1979 
F a t a l l y  I n j u r e d  Occupants o f  Side-Impacted Veh ic les  
f o r  S ing le -Veh ic le  vs.  M u l t i - V e h i c l e  Involvements 
Occupant E j e c t  i on  
s i n g l e -  and m u l t i - v e h i c l e  impacts. For bo th  acc iden t  types h a l f  o f  the  
occupants were i n  crashes w i t h  a  r epo r t ed  Delta-V o f  t e n  m i l e s  per hour 
o r  less .  Table  62 shows the  same da ta  i n  a  cumu la t i ve  d i s t r i b u t i o n  o f  
Del ta-V f o r  occupants i n j u r e d  a t  the  same s e v e r i t y  l e v e l .  Near ly  h a l f  
o f  the  s e r i o u s l y  i n j u r e d  occupants were i n  crashes l ess  than 20 m i l es  
per hour ( f o r  s i n g l e - v e h i c l e  impacts) and 25 m i l e s  per hour f o r  m u l t i -  
v e h i c l e  impacts. 
Occupant e j e c t i o n  by t ype  o f  s t r i k i n g  v e h i c l e  (and s i n g l e - v e h i c l e  
crashes) i s  shown i n  Table  63 f o r  a1 1 occupants, and f o r  f a t a l  i t i e s .  
The f i r s t  column -- f o r  bo th  se ts  o f  occupants -- i s  t he  t o t a l  number o f  
occupants o f  t he  c l a s s  i n  ca rs  s t r uck  by each type o f  v e h i c l e .  The 
number (and percen t )  o f  these occupants who were e j e c t e d  a re  g iven  i n  
E j e c t i o n  
Not E jec ted  
E jec ted  
To ta l  E j e c t i o n  
P a r t i a l  E j e c t i o n  
Unknown 
To ta l  
F a t a l l y  I n j u r e d  Occupants 
S i n g l e  
N % 
Mu1 t i  
N % 
1673 2.22 
- 488 22.5 
399 18.4 
89 4 .1  
7 0.3 









S e r i o u s l y  I n j u r e d  Occupants For S i n g l e -  
vs .  M u l t i  - V e h i c l e  Impacts 
(weighted) 
E j e c t i o n  Among Occupants Wi th  AIS = 4+ 
t h e  n e x t  2 columns. The f o u r t h  column o f  numbers (pe rcen t  E j e c t e d  by 
V e h i c l e )  i s  t h e  column pe rcen t  f o r  e j e c t e e s ,  i . e . ,  t h e  d i s t r i b u t i o n  o f  
s t r i k i n g  v e h i c l e  t ypes  among t h e  e j e c t e d  occupants.  The cases w i t h  
m i s s i n g  d a t a  on e j e c t i o n  ( l a b e l e d  M.D.) a r e  n o t  i n c l u d e d  i n  t h e  t o t a l  
columns, and thus  do n o t  i n f l u e n c e  t h e  percentages shown. 
Wh i le  impacts by passenger c a r s  account  f o r  3 2  p e r c e n t  o f  a l l  
e j e c t i o n s  ( f rom passenger cars)  , they  account  f o r  o n l y  19 percenr  o f  t h e  
e j e c t i o n s  among f a t a l l y  i n j u r e d  occupants.  S i n g l e - v e h i c l e  a c c i d e n t s  and 
l a r g e - t r u c k  crashes account  f o r  51 pe rcen t  o f  a l l  e j e c t i o n s  and 69 
p e r c e n t  among t h e  f a t a l i t i e s .  T h i s  r e s u l t s  f rom t h e  much g r e a t e r  
l i k e l i h o o d  o f  e j e c t i o n  f rom t h e  these  crashes,  wh ich  more than  o f f s e t s  . 
t h e  h i g h e r  f requency o f  passenger ca r  impacts.  
Mu1 t i  
N % 
3 2 2 1  .9 
114 78 .1  
146 100.0 
45 
E j e c t i o n  
E j e c t e d  
Not E j e c t e d  
T o t a l  
M.D. 
S i n g l e  
N % 
2  5 39.1 
39 60. 9 




S ide  lmpacts 
Occupant Counts For S ing le -  vs .  M u l t i - V e h i c l e  lmpacts 
(weighted) 
E j e c t i o n  P o r t a l s  
( f o r  e j e c t e d  occupants on1 y )  
Tables 64 and 65 g i ve  the  d i s t r i b u t i o n  o f  t he  s t r i k i n g  v e h i c l e  t ype  
f o r  s ide- impact  f a t a l i t i e s  i n  F A R S ,  and among a l l  occupants and among 
those w i t h  i n j u r i e s  o f  AIS = 4+ i n  NCSS.  I n  bo th  da ta  se ts ,  passenger 
car  impacts account f o r  about o n e - t h i r d  o f  t he  f a t a l  o r  se r i ous  
i n j u r i e s .  On t he  o ther  hand, s i n g l e - v e h i c l e  and l a rge - t r uck  impacts 
account f o r  h a l f ,  and l i g h t  t r ucks  f o r  about 15 percen t .  
Tab1 e  66 g i ves  the  occupant exposure (near s i de ,  f a r  s ide)  and 
i n j u r y  by  t he  s p e c i f i c  h o r i z o n t a l  area o f  impact i n  t he  C D C .  Near-s ide 
occupants rece ived  a  g rea te r  p r o p o r t i o n  o f  se r ious  i n j u r y  than d i d  f a r -  
M u l t i  
N % 
3 8 37.6 
5 4 53 - 5  
1 1 .O 
6 5 - 9  
0  0.0 
2 2 .O 
101 100.0 
2 6 
Por t a  1 
Side Windows 
Side Doors . 
Windshie ld  . 
Rear Window 
R o o f .  . . . 
Other . . . 
T o t a l  . . 
M.D. . 
S i n g l e  
N % 
9 13.0 
49 7 1  .O 
4 5 9 8 
1 1.4 
2 2.9 





S ide  Impacts 
Occupant Counts For S i n g l e -  vs .  M u l t i - V e h i c l e  lmpacts 
(weighted) 
o v e r a l l  l  n j u r y  S e v e r i t y  
Grea te r  Than AIS-2 
l n j u r y  S e v e r i t y  
( A  I S) 
0 - 2 . .  . . 
3 o r  Grea te r ,  
o r  F a t a l  . 
~ o t a l  . 
M.D. . 
s i d e  occupants f o r  a l l  impact  areas excep t  f r o n t  and back. I n  these 
cases t h e  i n j u r y  i a t e  i s  so low t h a t  comparisons a r e  meaningless.  
D is t r ibu ted-damage impacts r e s u l t  i n  s u b s t a n t i a l l y  more i n j u r y  than 
o t h e r  types.  T h i s  may r e s u l t  f rom c h a r a c t e r i s t i c s  o f  t h e  crashes t h a t  
produce d i s t r i b u t e d  damage p a t t e r n s .  I n  genera l ,  t hey  r e q u i r e  t h e  s i d e -  
impacted v e h i c l e  t o  have c o n s i d e r a b l e  f o r w a r d  v e l o c i t y .  The mean d e l t a -  
V f o r  t h e  same combinat ions  o f  exposure and s p e c i f i c  impact areas i s  
g i v e n  i n  Tab le  67 vs .  i n j u r y  l e v e l .  As one m i g h t  expect  f rom Tab le  66, 
t h e  d i s t r i b u t e d  impacts have t h e  h i g h e s t  d e l t a - V ' s .  Fur thermore t h e  
mean d e l t a - v ' s  f o r  occupants w i t h  s e r i o u s  i n j u r y  ( A I S  = 4+) a r e  a l l  
h i g h e r  than  t h e  h i g h e s t  v a l u e  f o r  l e s s  s e r i o u s l y  i n j u r e d  occupants .  




21 1 7  100.0 
28 1 
Mu1 t i  
N % 
9730 9599 






Occupant Counts For Single- vs. Multi-Vehicle Impacts 
(weighted) 
Overall l njury Sever i t y  
Greater Than AIS-3 
l njury Sever i t y  
( A  I S) 
0 - 3 . .  . . 
4 or Greater, 


















Occupant Counts For S ing le -  vs. M u l t i - V e h i c l e  Impacts 
(weighted) 
Occupant Seat Loca t i on  
Seat 
. . . . .  Fron t  - L e f t  
. . . .  Fron t  - Center . . . . .  Fron t  - R igh t  
F ron t  - Other/Unknown . 
Second - L e f t  . . . . .  
Second - Center . . . .  
Second - R i g h t  . . . .  
Second - Other/Unknown 
. . . . . .  T h i r d  Unknown 
. . . . . . . .  To ta l  
M.D.  . . . . . . . .  




Occupant Counts For Single- vs. Multi-Vehicle Impacts 
(weighted) 
Exposure of Occupants to (near side,far side) Impact 
C 
Exposure 
Near Side . . . . . 
Far S i d e .  . , . . . 
Other/Unclassifiable 
Total . . . . . 


















Occupant lnjury Severity For Single-vs. 
Multi- Vehicle Impacts By Exposure 
(we i gh ted) 














9 3% 5.2% 
9 1 58 
3.9% 2.8% 
4 2 3 5 
2.7% 1 .9% 







2.0% 1 . 1 %  
117 6 7 
1.3% 0.7% 
7 4 45 
TABLE 61 
NCSS 1 
S ide  Impacts 
Occupant Counts For S ing le -  vs .  M u l t i - V e h i c l e  Impacts 
(we i gh ted) 
Percent o f  Occupants w i t h  AIS = 4 - 6 , i a t a l  
by  Del ta-V 
Del ta-V 
(mph) 
1 - 5 .  . . 
6-10 . . 
11-15 . . 
16-20 . . 
21-25 . . 
26-30 . . 
31-35 
36-40 . . 
41-45 . . 
46-50 . . 
51-55 
56-60 . . 
61-65 . . 
Tota 1 
M. D. 
S ing le  
N % 




115 7 8 
6 0 8 3 









938 3 - 2  
1402 - 
M u l t i  
N % 
( t o t a l )  i n  ) 
922 0 
2857 0.1  




5 3 41.5 
3 2 3 4 . 4  









( t o t a l )  ( i n j  .) 
1156 0 
2 85 7 0.2 
2 148 0.7 
8 1 o 3.3 
2 8 2 7 . 1  
220 10.5 
5 5 43.6 
3 6 30.6 





7 87 7 1.8 
6269 - 
TABLE 6 2  
NCSS 1 
Side Impacts 
Occupant Counts For Single- vs. Multi-Vehicle Impacts 
(we i gh ted) 
Cumulative Distribution o f  Delta-V for 
Injured Occupants With AIS = 4-6,Fatal 












L L  
v, 
4J 





















+ u  . 
t a r  
a ' + @  
U U >  
L P I  
a , . - >  
a w n  
a, . . . . 
- L  
u m . . .- V Y Y  
I: . . 
Q I L : :  - 
> O I L L O .  m 
a t - t m  w 
a, r o o 
- a , c a , L L  I- 
m f f l - D - a ,  
s ~ ) m i . - c  
. - m ~ m m +  
L n a m - I L y o  
b m  - - 2  m w -  
a o a ~ m o  . . . . .  
t- $ N r m  
P cv 
m m m - P O  . . . . ,  
9 ~ r n b  
a s - m a  
g m - r n P 0  
0 0 ) O D m m C V  
a m N 
m  g ; ; C V ( D  CO 
- m a ~ ~ m a  . . . . , .  
in N N LO m  o 
- m y  
N m i e m m N  . . . . . .  
9 0 - m  g o  
~ ~ m m v m . -  
N -  
S & 8 $ 2 8  
a ~ - n  co 
CV 0) 7 
u 
































V) - + .  
:n 




0 -  
0 
I 
W U .  
c a r  
a + a ,  
U U >  
L a, 
a, .r, X 
a w n  






a w z  
ffl- 
4 J .  
$ n  az 
3) 
U 0 
U  c 
0 -  
a, 
TABLE 6 4  
F A R S  1979 
Passenger Car F a t a l i t i e s  by Type 
o f  S t r i k i n g  V e h i c l e  
S t r i k i n g  V e h i c l e  
Passenger Cars 
L i g h t  T rucks  
Heavy Trucks/Buses 
Other two Veh./Unk. Veh. 
S i n g l e  V e h i c l e  Acc iden ts  
T o t a  1 
F a t a l i t i e s  
N % 
1800 30.8 
848 1 4 . 5  
7 5 2  12.9 
2 7 4  4 . 7  





Occupant Counts For Type o f  S t r i k i n g  Veh i c l e  
(we i gh ted) 
Occupants w i  t h  
AIS = 4+ 
N % 
9 3 3 4 - 3  
3 2 11.8 
39 14.4 
86 31 - 7  
2 1 7.7 
2 7  1 100.0 
S t t i  k i n g  
V e h i c l e  
Passenger Cars 
L i g h t  Trucks 
Heavy Trucks/Buses 
F ixed  Ob jec ts  
Other 
T o t a l  
A 1  1 
Occupants 
N % 
9 5 7 4  67.7  
1 1 1 1  7 * 9  
38 1 2.7 
2458  17.4 
6 2 2  4.4 
14 146 100.0 
TABLE 66 
NCSS 1 
S i d e  Impacts 
F r o n t  Seat  Occupants 
Exposure and I n j u r y  By S p e c i f i c  Area o f  Impact 
Exposure/Area o f  Impact 
Exposed 
Occupants 
Occupants Wi th  























Near S ide  
F r o n t  (F) 
Back (5 )  
D i s t .  (D) 
Pass. Comp. (P) 
F r n t .  ,Pass. (Y)  
Back, Pass. (Z) 
Far S ide  
F r o n t  (F) 
Back (8) 
D i s t .  (D) 
Pass. Comp. (P) 
F r n t . ,  Pass. (Y) 
Back,Pass. (Z) 
~ 1 1  Occupants 
F r o n  t (F) 
Back (B) 
D i s t .  (D) 
Pass. Comp. (P) 
F r n t ,  ,Pass. (Y) 














































S i d e  Impacts 
F r o n t  Seat Occupants 
De l ta -V by Exposure and S p e c i f i c  a rea 
o f  Impact and I n j u r y  S e v e r i t y  
Exposure/Area o f  Impact 
Near S ide  
F r o n t  (F) 
Back (B) 
Dirt. (D) 
Pass. Cornp. (P) 
F r n t .  ,Pass. (Y)  
Back, Pass. (Z) 
Far S ide  
F r o n t  (F) 
Back (B) 
D i s t .  (0 )  
Pass. ~ornp. (P) 
Frnt . ,Pass.  (Y) 
Back, Pass. (Z) 
A l l  Occupants 
F r o n t  (F) 
Back (8) 
D i s t .  (D) 
Pass. Cornp. (P) 
F r n t .  ,Pass. (Y) 
Back, Pass. (Z) 
Mean Del ta-V (mph) 
AIS = 0-3 
l0.g 






- 11.4  




1 3 + 7  
11.4 





























APPEND l X 
Clinical Study o f  53 Fatal Accidents 
Involving a Side-Impact to a Passenger Vehicle 
For t h e  53 f a t a l  s ide - impac t  c rashes r e p o r t e d  i n  t h e  NCSS Phase I 
program, t h e  o r i g i n a l  case r e p o r t s  and photographs were rev iewed i n  
d e t a i l .  To t h e  e x t e n t  p o s s i b l e ,  i n f o r m a t i o n  was r e t r i e v e d  f o r  t h e  
f o l l o w i n g  aspec ts :  
(1) Case v e h i c l e  descr  i p t  ion--make, model, number o f  doors ,  t h e  
presence o f  an upper B - p i l l a r ,  e t c .  
(2 )  A d e s c r i p t i o n  o f  t h e  s p e c i f i c  a rea damaged. 
(3) The e x t e n t  t h a t  t h e  r o o f  r a i l  and door s i l l  were i n v o l v e d .  
(4) The CDC's and D e l t a - V ' s .  
(5) Door pe r fo rmance- - l a t ch ,  h inge,  e t c .  
(6) E j e c t i o n  o f  occupants.  
(7) L a t e r a l  i n t r u s i o n  i n  t h e  passenger compartment. 
(8) Occupant p o s i t i o n ,  r e s t r a i n t  usage, i n j u r y  and i n j u r y  causa t ion .  
(9) I n  most  cases, a judgment was made as t o  whether o r  n o t  t h e  
i n t r u s i o n  i nc reased  t h e  s e v e r i t y  o f  t h e  i n j u r y ,  
The cases a r e  a r b i t r a r i l y  numbered A - 1  th rough A-53,  and a r e  
p resen ted  i n  t h a t  o r d e r .  A t  t h e  upper l e f t  c o r n e r  o f  each r e v i e w  i s  t h e  
N C S S  i d e n t i f y i n g  number w i t h  wh ich  f u r t h e r  m a t e r i a l  may be r e t r i e v e d  
f rom computer o r  "hard  copy" f i l e s .  A photograph i s  i n c l u d e d  w i t h  45 o f  
t h e  cases. 
The cases a r e  grouped by a c c i d e n t  t ype .  The f o u r  groups ( w i t h  
t h e i r  case numbers) are:  
( 1 )  S i n g l e  v e h i c l e ,  A - 1  t o  A-10 
(2)  lmpacts w i t h  passenger c a r s  
o r  1 i g h t  t r u c k s ,  A - 1  1 t o  A-38 
(3) lmpacts w i  t h  1 a rge  t r u c k s ,  A-39 t o  A-46 
(4) Impacts w i t h  r a i l r o a d  t r a i n s ,  A-47 t o  A-53 
T h i s  breakdown i s  shown i n  F i g u r e  1 1 ,  wh ich  g i v e s  t h e  number o f  
a c c i d e n t s  o f  each t ype  as w e l l  as t h e  number o f  f a t a l i t i e s .  The 
d i s t r i b u t i o n  o f  f a t a l i t i e s  by t y p e  o f  a c c i d e n t  i s  compared w i t h  t h e  
f a t a l i t i e s  by t ype  o f  a c c i d e n t  i s  compared w i t h  t h e  f a t a l i t i e s  i n  s i d e -  
impacted passenger c a r s  i n  t h e  1979 FARS f i l e  i n  Tab le  68. The s i n g l e -  
v e h i c l e  invo lvements  a r e  s u b s t a n t i a l l y  lower i n  t h e  NCSS r e v i e w  sample, 
w h i l e  t h e  l a r g e - t r u c k  and r a i l r o a d  cases a r e  c o r r e s p o n d i n g l y  g r e a t e r .  
Wh i le  these d i f f e r e n c e s  may r e s u l t  f rom t h e  r e l a t i v e l y  smal l  number o f  
casies rev iewed i n  the  NCSS sample, t h e  d i f f e r e n c e s  a r e  s t a t i s t i c a l l y  
s i g n i f i c a n t  a t  t h e  two p e r c e n t  l e v e l .  
F igu res  12 th rough 15 show each o f  t h e  f o u r  groups broken down by 
(1) e j e c t i o n  o f  an occupant,  (2) i n t r u s i o n  i n t o  t h e  passenger 
compartment, (3) involvement o f  t h e  door s i l l / r o c k e r  pane l ,  s i d e - r o o f  
r a i l ,  o r  b o t h .  The boxes r e p r e s e n t i n g  empty subgroups a r e  o m i t t e d .  For 
exa~mple, Case A - 3  ( s i n g l e - v e h i c l e  c r a s h  w i t h  no e j e c t i o n )  d i d  n o t  have 
e i t h e r  t h e  r o o f  r a i l  o r  s i l l  i n v o l v e d ,  so t h e r e  i s  no d i v i s i o n  o f  t h e  
n o - i n t r u s i o n  group c o n t a i n i n g  o n l y  A - 3 .  
Occupants were e j e c t e d  f rom 14 (25%) o f  t h e  v e h i c l e s .  I t  i s  
i n t e r e s t i n g  t o  n o t e  t h a t ,  w h i l e  t h e  s i n g l e - v e h i c l e ,  l a r g e  t r u c k ,  and 
r a i  l r o a d  cases had h i g h  e j e c t i o n  f r e q u e n c i e s  (60, 50, and 43  pe rcen t  
r e s p e c t i v e l y )  , t h e  r a t e  f o r  c a r s  s t r u c k  by  o t h e r  passenger c a r s  o r  1 i g h t  
t r u c k s  was o n l y  3.6 pe rcen t .  Whi l e  t h e  number o f  cases i s  smal 1 ,  t h e  
much lower i n c i d e n c e  f o r  c o l l i s i o n s  w i t h  passenger c a r s  i s  s i g n i f i c a n t  
and i n t e r e s t i n g .  These f i g u r e s  a r e  based on a l l  occupants i n  t h e  
s u b j e c t  v e h i c l e s .  E j e c t i o n  among a l l  f a t a l  occupants o f  s ide- impacted 
c a r s  i n  t h e  NCSS f i l e  i s  shown i n  Tab le  A2 f o r  compar ison.  The 
percentages shown a r e  t h e  p e r c e n t  o f  f a t a l l y - i n j u r e d  occupants ( f o r  each 
Fa ta l  Acc idents  
63 F a t a l i t i e s  
S i n g l e  Veh i c l e  
12 F a t a l i t i e s  51 F a t a l i t i e s  
15 
C o l l i s i o n  w i t h  
T r a i n  o r  Large 
Truck 
27 F a t a l  i t i e s  
1 7 T r a i n  1 7 F a t a l i t i e s  
28 
C o l l i s i o n  w i t h  
Passenger Car 
o r  L i g h t  Truck 
30 Fa ta l  i t i e s  
8 
Large Truck 
14 F a t a l i t i e s  
FIGURE 11 
Numbers o f  Veh ic les  and F a t a l i t i e s  by Type o f  
Acc iden t  
T a b l e  68 
Comparison o f  F a t a l  NCSS Review and F A R S  1979 
a c c i d e n t  t ype )  who were e j e c t e d .  The t o t a l s  exc lude  t h e  55 occupants  
w i t h  m i s s i n g  d a t a  on e j e c t i o n .  The c o n t r a s t  i n  e j e c t i o n  r a t e s  between 
c o l l i s i o n s  w i t h  passenger c a r s  and o t h e r  a c c i d e n t  t ypes  i s  n o t  as g r e a t  
i n  T a b l e  69. Neve r the less ,  o n l y  21 p e r c e n t  o f  t h e  f a t a l  e j e c t i o n s  
r e s u l t e d  f rom impacts w i t h  passenger c a r s .  N e a r l y  h a l f  (48%) were i n  
s i n g l e - v e h i c l e  a c c i d e n t s .  
The co r respond ing  f i g u r e s  f o r  a l l  occupants a r e  shown i n  T a b l e  70, 
Here t h e  r e l a t i v e  l i k e l i h o o d  o f  e j e c t i o n  i s  much lower i n  c o l l i s i o n s  
wi t lh  passenger c a r s  t h a n  i n  t h e  o t h e r  t ypes  o f  a c c i d e n t s .  A l t hough  t h e  
p r o r b a b i l i t y  o f  e j e c t i o n  i n  c o l l i s i o n s  w i t h  passenger c a r s  i s  low, t h e  
l a r g e  number o f  c o l l i s i o n s  o f  t h i s  t y p e  r e s u l t s  i n  n e a r l y  h a l f  o f  a l l  
e j e c t i o n s .  
Acc iden t  Type 
S i n g l e  V e h i c l e  
Passenger Car 
L i g h t  Truck  . 
Large  Truck  . 
R a i l r o a d  T r a i n  
T o t a l  . . . .  
D i s t r i b u t i o n  o f  F a t a l i t i e s  and Percen t  
NCSS F a t a l  Review 
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These results indicate that, while nearly half of all ejections 
result from collisions with passenger cars or small trucks, only 21 
percent of the fatal ejections result from such collisions. Over twice 
as many (48 %) of the fatalities resulted from single-vehicle accidents. 
The high incidence of ejection among the fatalities in the NCSS 
data is clearly connected with the low restraint usage among all 
occupants. This raises the question of how many fatalities might be 
prevented in side impacts if restraints were universally used. It is 
not possible to determine with confidence whether a specific fatality 
would have been prevented if restraints had been worn. This is 
particularly true when the details of injuries or their sources 
(contacts) are unreported, Nevertheless, in reviewing these case 
reports a judgment was attempted as to whether the injury severity might 
have been reduced by proper restraint use. 
In most of the cases of ejection, restraints were judged to be 
capiable of reducing the injury severity. The exceptions were cases in 
which the fatal injuries resulted from intruding objects before ejection 
or cases of massive, catastrophic intrusion into the occupant space, 
Conversely, in the few cases in which the fatally-injured occupant was 
wearing restraints, they were judged not capable of reducing the injury 
level. They were also categorized as not relevant if the space occupied 
by a normally-seated person was severely intruded upon. There was a 
substantial number of cases for which the investigator was unable to 
determine the cause of injury, or the injury details themselves were not 
recorded. In other cases, the photography was not adequate to provide 
the reviewer with an adequate description of damage in relation to 
occupant kinematics. 
Using these c r i t e r i a ,  r e s t r a i n t s  were judged r e l e v a n t  ( t h e i r  use 
would l i k e l y  have reduced t h e  s e v e r i t y  o f  i n j u r i e s )  i n  25% o f  t he  64 
f a t a l i t i e s .  They were judged n o t  r e l e v a n t  i n  42% o f  t he  cases. The 
remain ing 33% were cases i n  which judgements were n o t  poss ib l e .  
Depending on t h e  cases f o r  which judgements were n o t  p o s s i b l e ,  the  
r e s u l t s  o f  t he  e v a l u a t i o n  o f  t he  p o t e n t i a l  o f  r e s t r a i n t s  i s  t h a t  no more 
than 58% o f  t he  f a t a l i t i e s  cou ld  be prevented by t h e i r  u n i v e r s a l  use, 
whi l e  t h e  p r o p o r t i o n  cou ld  be as low as 25%. 
l n t r u s i o n  o f  s i d e  i n t e r i o r  su r faces  o f  p i l l a r s  i n t o  t he  passenger 
compartment occur red  i n  n e a r l y  a l l  o f  t he  cases reviewed. The o n l y  
excep t ions  were case A - 3  ( w i t h  a  CDC o f  02-RFEW-7) and A-48  ( w i t h  a  CDC 
o f  03-RFEw-8), bo th  impacts i n t o  t he  s i d e  forward of t he  passenger 
compartment. Table  7 1  shows t h e  i n t r u s i o n  i n  5 - inch  increments.  Both 
t he  number o f  f a t a l  occupants i n  each group and t he  cumula t i ve  
d i s t r i b u t i o n  a r e  g iven.  
The two cases i n  the  0-5 group a re  t h e  two f r o n t - s i d e  impacts n o t  
i n v o l v i n g  t h e  passenger compartment. The two f a t a l i t i e s  i n  these cases 
( A S  and A48) r e s u l t e d  from e j e c t i o n s .  H a l f  o f  t he  f a t a l  i t i e s  occur red  
i n  ca r s  w i t h  i n t r u s i o n  o f  over 16 inches, w h i l e  o n l y  15 percen t  were 
assoc ia ted  w i t h  i n t r u s i o n  o f  10 inches o r  l e s s .  
The rev iewers  a t tempted t o  judge t he  re levance  o f  i n t r u s i o n  t o  
i n j u r y  on an i n d i v i d u a l  bas i s .  I n  some cases the  i n t r u s i o n  was c l e a r l y  
no t  r e l e v a n t .  Examples a re  cases o f  e j e c t e d  occupants o r  i n t r u s i o n  o f  a 
component w i t h  which t h e r e  was no occupant con tac t .  I n t r u s i o n  was 
judged no t  r e l e v a n t  t o  35% percen t  o f  t he  f a t a l i t i e s .  I n  a  number o f  
cases t h e  i n t r u s i o n  apparen t l y  caused an i n j u r y  o r  aggravated t he  
Tab le  7 1  
C l i n i c a l  Review 
I n t r u s i o n  i n t o  Passenger Compartment 
s e v e r i t y .  The i n t r u s i o n  was t h u s l y  judged r e l e v a n t  t o  46 p e r c e n t  o f  t h e  
f a t a l  l y  i n j u r e d  occupants.  For t h e  rema in ing  18 p e r c e n t  o f  t h e  
f a t a l i t i e s ,  t h e  rev iewers  were n o t  a b l e  t o  make a  judgment. 
Wh i le  i n t r u s i o n  was judged r e l e v a n t  t o  n e a r l y  h a l f  t h e  f a t a l i t i e s ,  
i t  was u s u a l l y  imposs ib le  t o  conc lude whether a  r e d u c t i o n  i n  i n t r u s i o n  
would have prevented t h e  f a t a l i t y ,  
The r o o f  s i d e  r a i  1 was i n v o l v e d  (con tac ted  o r  deformed) i n  36 
v e h i c l e s ,  w h i l e  t h e  r o c k e r  pane l /door  s i l l  a rea was i n v o l v e d  i n  4 2 .  
These i n c l u d e  30 cases i n  wh ich  b o t h  areas were i n v o l v e d .  I n  o n l y  5 
cases was n e i t h e r  i n v o l v e d .  
One o f  t h e  o b j e c t i v e s  o f  t h e  c l i n i c a l  r e v i e w  was t o  e s t a b l i s h  t h e  
p r o b a b l e  sou rce  f o r  t h e  i n j u r y  most l i k e l y  t o  have caused t h e  f a t a l i t y .  
T h i s  was p o s s i b l e  f o r  33 o f  t h e  63 f a t a l i t i e s .  For t h e  r e m a i n i n g  31, 
e i t h e r  t h e  f a t a l  i n j u r y ,  t h e  a s s o c i a t e d  c o n t a c t s ,  o r  bo th ,  were m i s s i n g  
i n  t h e  o r i g i n a l  a c c i d e n t  r e p o r t s  and c o u l d  n o t  be  d i s c e r n e d  i n  t h e  
rev iew .  The c o n t a c t e d  areas f o r  t h e  known cases a r e  shown i n  T a b l e  7 2 .  
T a b l e  7 2  
C l i n i c a l  Review 
Occupant Contac ts  Assoc ia ted  w i t h  F a t a l  I n j u r y  
O f  t h e  33 f a t a l i t i e s  w i t h  non-miss ing da ta ,  10 r e s u l t e d  f rom 
c o n t a c t  w i t h  p i l l a r s ,  10 f rom t h e  i n t e r i o r  s i d e  s u r f a c e s ,  5 f rom the  
r o o f  r a i l  o r  window frame, and 7 f rom e x t e r i o r  o b j e c t s .  Thus t w o - t h i r d s  
Contac ted Area 
P i  1 l a r s  
A-Pi 1 l a r  
B-Pi 1 l a r  
C-Pi 1 1 a r  
S ide  Sur faces 
Roof 
S i d e  Roof R a i l  
Window Frame 
T ree  
Ground 
P o l e  
Other Veh i c  I e  
Locomot ive 
Unknown 














were a s s o c i a t e d  w i t h  e i t h e r  p i l l a r s  o r  s i d e  su r faces .  Wh i le  t h e  number 
o f  cases i s  sma l l ,  i t  i s  e v i d e n t  t h a t  a  number o f  o b j e c t s  a r e  i n v o l v e d  
i n  t h e  f a t a l  i n j u r i e s .  S ide  su r faces  a r e  t h e  most f r e q u e n t l y  i n v o l v e d ,  
b u t  r e p r e s e n t  o n l y  a t h i r d  o f  t h e  l i s t e d  f a t a l  c o n t a c t s .  On t h e  o t h e r  
hand, t h e  A - p i l l a r  was i n v o l v e d  n e a r l y  as o f t e n .  
The major  c o n c l u s i o n  t h a t  i s  e v i d e n t  f rom examining these cases i s  
t h a t  t hey  a r e  n e a r l y  a l l  v e r y  severe c rashes.  I n  a  l a r g e  m a j o r i t y  t h e r e  
was s u b s t a n t i a l  compromise o f  t h e  i n t e g r i t y  o f  t h e  passenger 
compartment. They r e p r e s e n t  o n l y  f a t a l  cases, and thus  a r e  b i a s e d  i n  
s e v e r i t y .  However, n e a r l y  t w o - t h i r d s  o f  a l l  s ide- impact  occupants w i t h  
an A I S  o f  4 o r  g r e a t e r  become f a t a l i t i e s .  Thus these cases reviewed 
r e p r e s e n t  a  l a r g e  p o r t i o n  o f  t h e  AIS-4+ cases.  
S ide  r o o f  r a i l  o r  door s i l l / r o c k e r  panel  a rea invo lvement  occu r red  
i n  n e a r l y  a l l  o f  t hese  cases.  S i l l  a rea invo lvement  was p a r t i c u l a r l y  
f r e q u e n t  i n  impacts by o t h e r  passenger ca rs ,  w h i l e  r o o f  r a i l s  were 
i n v o l v e d  i n  t h r e e - q u a r t e r s  o f  t h e  s i n g l e - v e h i c l e ,  l a r g e  t r u c k ,  and 
r a i l r o a d  acc iden ts .  

CASES A1-A9  
S i n g l e  V e h i c l e  S i d e  Impact Crashes 

CASE # 4711032lA-1 
1976 Pontiac Sunbird 2-door with B-pillar slid into a large t ree striking t h e  l e f t  
door near the A-pillar. The vehicle apparently tipped u p  as it struck--the s i l l  was 
not engaged, a n d  the roof rail  was engaged the ful l  amount. The maximum penetration 
a t  the front of the door a n d  the A-pillar was 2 5  inches. 
C:DC (Case Vehicle) 11 LYAW 4 
Delta-V I s Not Computed 
COMMENTS: 
The l e f t  front door latch released, the door hinges separated, a n d  the door opened. 
The maximum intrusion was 20 inches a t  the A-pillar. The driver was ejected through 
the open door. The roof side rail intruded. Intrusion was regarded as a factor i n  
the injuries.. 
OCCUPANTS (1 ) :  
Driver, 21 years, unrestrained, OAIS-6,  FATAL ejected through door, struck tree with --
head probably before ejection. Fatal injury was head injury from t r e e .  Other  
injuries from unknown source include: chest, fractured neck, f r a c t u r e d  f a c e ,  
fractured l e f t  upper arm. 

1975 Oldsmobile Cutlass Supreme 2-door \with B-pillar sl id into a n  abutment s t r i  k i  n g  
the right side of the vehicle just behind the B-pillar. The maximum penetration was 
28 inches (B-pi1 l a r ) .  
CDC (Case Vehicle) 02 RZAW 4 
Total Delta-V ' 18 mph. 
Long .  Delta-V -09 rnph. 
L a t .  Delta V -15 mph. 
COMMENTS : 
Right, front door latch damage. No hinge damage. No doors opened. I n t r u d i n g  
comp~onents: side panels, A - ,  E - ,  C-pillars, roof side rai l .  Maxilrum in t ru s ion :  28 
inches (B-pillar).  Dr ive r  con t ac t ed  S t e e r i n g  Wheel, Instrument  Panel a n d  
Winclshield. Windshield broken and driver ejected through windshield. Intrusion not 
considered a factor in injury. 
OC CLI F'AN TS : 
Driver, 22 years, f a r  side, unrestrained, F A T A L  O A I S - 6 ,  f r a c t u r e d  v e r t e b r a e  
(neck). Source coded external--more l ikely i n i t i  a1 c o n t a c t  and i n t e r i o r  of 
vehicle. 

CASE # 6711098/A-3 
1977 Ford Thunderbird 2-door with B-pillar slid into a ditch s t r i k i n g  a c u l v e r t .  
The front fender area received direct damage. Body distortion produced a g a p  between 
the right A-pillar a n d  the front edge of the window glass in the right front door. 
C[)C (Case vehicle) 02 RFEN 7 (Third impact) 
Total Delta-V's 32 mph. 
Long.  Delta-V -16 mph.  
[.at. Delta-V -28 mph. 
COMMENTS : 
Doors did not "open" as such--no latch or hinge s e p a r a t i o n .  However, t h e  g a p  
between the A-pillar and the window glass (glass o u t  of track) provided an  e j ec t i on  
por1;al for the driver. No lateral intrusion. 
Driver, 35 years, fa r  side, unrestrained, FATAL OAIS-6, fractured neck v e r t e b r a e .  
7- 
F'ossible source: A-pillar, windshield or contact with the ground. L a c e r a t i  on, 
face--windshield or A-pillar. Laceration, back of head--windshield, A-pi1 lar ,  or 
ground. Fracture of right arm--instrument panel, A-pillar, or ground. Fracture 
of right thigh from contact with instrument panel, or side panels. 

CASE # 6709097!A-4 
1976 Jaguar XJ-S 2-door with P-pillar slid into a large t ree af ter  striking several  
small 7osts and signs. The maximum penetration was less t h a n  10 inches (right r e a r  
door area). Si l l  a n d  rail  engaged less than maximum. The impact caused the engine, 
front frame, a n d  front wheels t o  separate at the firewall. These components burned. 
C:DC (Case Vehicle) 01 RYAW 4 
Re1 ta-V's Not Cornouted 
C0MME:NTS : 
Door:; did not open. Right front door l a t c h  damage. Dri'ver e j e c t e d  through 
windshield. Intruding components: Right rear door panel, window frame,  a n d  roof 
side rai l .  Maximum intrusion 8 inches (right rear door area panel ). Intrusion n o t  
a fi~(;tor in injury. 
Driver, 35 years, f a r  side, unrestrained, FATAL OAIS-6, fractured neck vertebrae- - -- 
interior of vehicle or contact with ground. Unspecified f a c i  a l  a n d  i n t e rna l  
injuries (per police report).  

1977 Datsun 2802 2-door with B - p i l l a r  spun out s t r i k i n g  two s m a l l  "NO PARKIYG/NO 
STOI'PING" s igns  before s t r i k i n g  a u t i l i t y  pole with t h e  r i g h t  s ide .  80th t h e  s i l  1 
and t h e  roof r a i l  were engaged t h e  f u l l  amount. Maximum pene t ra t ion  was 4 3  i n c b e s  
(rilght r e a r  door a r e a ) .  
CDC (Case Vehicle)  0 3  R P A N  5 
Total Delta V 38 m p h .  
iong. Del ta  V t07  mph. 
Lat.  Del ta  V -38 mph. 
COMMENTS : 
Both f r o n t  doors opened with l a t c h  damage and  r e l e a s e .  Both d o o r s  had h i n g e  
separa t ion .  The d r i v e r  was not e jec ted .  Unknown i f  t h e  two passengers were e j e c t e d .  
Right s i d e  i n t r u s i o n  included t h e  A - p i l l a r ,  8 - p i l l a r ,  r i g h t  r e a r  door area panel ,  C -  
p i l l a r ,  window frame and roof s i d e  r a i l .  Maximum i n t r u s i o n  o f  42 i n c h e s  ( s i d e  
r a i l ) .  In t rus ion  was a f a c t o r .  
Dr iver ,  24 y e a r s ,  unres t ra ined ,  OAIS-3. Fractured neck v e r t e b r a e - - I m p a c t  f o r c e ;  
- E e r a t i o n ,  r i g h t  shoulder - -B-p i l l a r ;  C o n t u s i o n ,  t h i g h - - I n s t r u m e n t  p a n e l ;  
Abrasion, face--Instrument  panel. 
mht f r o n t ,  1 7  y e a r s ,  unres t ra ined ,  OAIS-6 FATAL. L a c e r a t i  o n ,  b r a i  n--unknown 
source; Lacera t ion ,  heart--unknown source;  Lacerat ion,  1 i v e r - - I  n t  r u d i  ng p o l  e ;  
Lacerat ion ( B i l a t e r a l ) ,  lungs--unknown source; Lacera t ion ,  neck ( r e s p i r a t o r y  ) - -  
unknown source;  Fractured sku1 1--unknown source. 
Right  r e a r ,  21 y e a r s ,  u n r e s t r a i n e d ,  OAIS-4 .  F r a c t u r e d  s k u l l  - - v e h i c l e  r o o f ;  
Concussion, b ra in- -veh ic le  roof;  Contusion, b ra in- -veh i  c l  e r o o f ;  H e m o r r h a g e ,  
b ra in- -veh ic le  roof;  Lacera t ion ,  top  of head - - v e h i c l e  r o o f ;  F r a c t u r e d  r i g h t  
forearm--side sur face .  

CASE # 2708027/A-6 
1976 C h e v r o l e t  Vega 2 -doo r  hatchback w i t h  B - p i l l a r  s t r u c k  a  u t i l i t y  p o l  e  w i t h  t h e  
l e f t  q u a r t e r  panel  and t h e n  s l i d  b r o a d  s i d e  i n t o  a  l a r g e  t r e e .  T h e  m a x i m u n  
p e n e t r a t i o n  was j u s t  ahead of t h e  B - p i l l a r  a t  t h e  b e l t  l i n e  ( 3 2  i n c h e s ) .  T h e  r o o f  
r a i l  was engaged t h e  f u l l  amount, t h e  s i l l  l e s s  t h a n  maximum. 
CDC (Case V e h i c l e ,  Second I m p a c t )  03 RPAW 5 
T o t a l  D e l t a  V 34 mph. 
Long. De l t a -V  00 mph. 
- a t .  De l t a -V  -34 mph. 
COMMENTS : 
R i g h t  doo r  damaged by d i r e c t  con tac t .  No l a t c h  o r  h i n g e  damage. R i g h t  doo r  d i d  n o t  
open. L e f t  d o o r  opened a t  some t ime.  D r i v e r  p a r t i a l  e j e c t i o n  t h r o u g h  l e f t  d o o r .  
I n t r u d i n g  components. ( R i g h t  s i d e ) .  A- ,  B- ,  C - p i l l a r ,  b o t h  r i g h t  d o o r  a rea  pane ls ,  
window frame and roo f  s i d e  r a i l .  Maximum i n t r u s i o n  o f  14 i nches  ( B - p i l l a r ) .  
D r i v e r ,  41  yea rs ,  f a r  s i d e  (second impac t ) ,  u n r e s t r a i n e d ,  O A I S - 6  FATAL.  I n j u r y  -- 
d e t a i l s  unknown. 

CASE # 6709096/A-7 
1976 Bu i ck  S k y l a r k  4 -doo r  w i t h  6 - p i l l a r  s t r u c k  a  deer ,  l o s t  c o n t r o l ,  and s l i d  i n t o  a  
l a r g e  t r e e .  The r i g h t  f r o n t  f e n d e r  and r i g h t  f r o n t  doo r  were damaged. The max imum 
p e n e t r a t i o n  ( l a t e r a l )  was l e s s  t h a n  1 0  i n c h e s  ( r i g h t  f r o n t  d o o r ) .  T h e r e  was 
c o n ~ ~ i d e r a b l e  d e f o r m a t i o n  t o  t h e  w indsh4e ld  header and r i g h t  r o o f  s i d e  r a i  1. T h i s  
may h e  induced damage o r  i t  i s  p o s s i b l e  t h a t  t h e  dee r  became a i r b o r n e  and s t r u c k  t h e  
s u p e r s t r u c t u r e .  F i r e  r e p o r t e d  as s t a r t i n g  i n  eng ine  compartment. 
CDC (Case V e h i c l e )  01 RYAW 4 
T o t a l  De l t a -V  58  mph. 
Long. De l t a -V  -50 mph. 
L a t .  De l t a -V  -29  m ~ h .  
C0MM:ENTS : 
R i g h t  f r o n t  doo r  impacted. L a t c h  and h inge  damage. L a t c h  r e l e a s e d  and doo r  opened. 
No e j e c t i o n .  The o n l y  obv ious  s i d e  i n t r u s i o n  was t h e  r o o f  s i d e  r a i l .  T h e  p r i m a r y  
i n t r u s i o n  1 i s t e d  i n  t h e  o r i g i n a l  r e p o r t  was l o n g i t u d i n a l - - i n v o l v i n g  t h e  i n s t  r u m e n t  
pane l ,  e t c .  I n t r u s i o n  was no t  a  f a c t o r .  
D r i v e r ,  37 y e a r s ,  f a r  s i d e ,  unknown r e s t r a i n t  usage, OAIS-6 FATAL. B u r n e d  f e e t - -  -- -
f i r e ;  Unknown i njury- -unknown source. 

, CASE Y 3712057/A-8 
1976 Fo rd  Mustang 2-door  w i t h  B - p i l l a r  went o u t  o f  c o n t r o l ,  knocked down two wooden  
guard r a i l  pos t s  and t h e n  s l i d  s ideways i n t o  t h e  end of  a  c o n c r e t e  b r i d g e  r a i l .  The 
main  a rea  o f  impact  was t h e  r i g h t  A - p i l l a r  and t h e  r i g h t  f r o n t  door. The s i  1 1  was 
engaged t h e  f u l l  amount. The r o o f  r a i l  was n o t  engaged. The maximum p e n e t r a t i o n  
was 06 inches ( r i g h t  f r o n t  d o o r ) .  
C:DC (Case V e h i c l e )  03 RYEW 4 ( B r i d g e )  
T o t a l  De l ta -V 26 mph. 
L.ong. De l ta -V 00  mph. 
. t a t .  De l ta -V -26 mph. 
COMMIZNTS : 
R i g h t  f r o n t  doo r  impacted. L a t c h  damaged and r e l e a s e d .  H i n g e  s e p a r a t i o n .  D o o r  
opened. R i g h t  f r o n t  occupant  e j e c t e d  th rough  door.  I n t r u s i o n  o f  2 2  i n c h e s  ( 4 -  
p i l l a r  and r i g h t  f r o n t  doo r - -be fo re  o p e n i n g ) .  I n t r u s i o n  d i d  n o t  i n c r e a s e  t h e  
s e v e r i t y  o f  t h e  i n j u r i e s .  
D r i v e r ,  22 yea rs ,  f a r  s i d e ,  u n r e s t r a i n e d ,  OAIS-1. Compla in t  o f  pa in ,  n e c k - - i m p a c t  
f o r c e ;  Contus ion,  t o p  o f  head--unknown source; Contus ion,  r i g h t  t h i g h - - c o n s o l  e ;  
Abrasion, t o p  o f  head-- loose p ieces  of window g lass .  
Righi: f r o n t ,  30 yea rs ,  nea r  s i de ,  u n r e s t r a i n e d ,  O A I S - 6  FATAL.  F r a c t u r e d  n e c k  
ve r teb rae - -p robab l y  c o n t a c t  w i t h  ground; F r a c t u r e  o f  s k u l l - - p r o b a b l y  c o n t a c t  w i t h  
ground; Small l a c e r a t i o n s  o f  whole body- - loose p ieces o f  window g lass .  
Rear (p robab l y  s l e e p i n g  on f o l d e d  down s e a t ) ,  2  y e a r s ,  f a r  s i d e ,  u n r e s t r a i n e d ,  -
Ol\iS-2. F r a c t u r e d  r i g h t  th igh--unknown source; L a c e r a t i o n ,  r i g h t  t h i g h - -  1  o o s e  
g ldss ;  L a c e r a t i o n ,  r i g h t  knee- - loose g lass .  

CASE # 3703023/A-9 
1974 Ford Mustang I 1  2-door no upper 6 - p i l l a r ,  l o s t  control  a f t e r  s t r i k i n g  t h e  r e a r  
of a 1969 Pontiac during an a t tevp ted  passing maneuver. The case veh ic le  w e n t  o f f  
t h e  l e f t  s i d e  of t h e  road, t r a v e l e d  approximately 30 f e e t ,  came back on t h e  road i n 
a clockwise s k i d ,  crossed t h e  road, went down an embankment  and  s t r u c k  a wood 
u t i l i t y  pole with t h e  l e f t  door. The v e h i c l e  r o l l e d  up i n t o  t h e  p o l e  c a u s i n g  
ex tens ive  roof damage. The pole broke approximately 10 f e e t  above t h e  g r o u n d .  I t  
i s  poss ib le  t h a t  t h e  vehicle  was a i rborne  when i t  s t ruck  t h e  pole. The p e n e t r a t i o n  
a t  t h e  l e f t  f r o n t  door was 10-18 inches with t h e  maximum point a t  t h e  u p p e r  t h i r d  
near. t h e  r e a r  edge. The s i l l  was engaged l e s s  than t h e  maximum. The roof r a i l  was  
engaqed f u l l y .  
C:DC (Case Vehicle)  00 LPAW 7 
Elt2lta-V's Not Computed 
COMMENTS : 
No l a t c h  o r  hinge damage and no e j e c t i o n .  (The door was removed f o r  e x t r i c a t i o n .  ) 
Intrusion--A-, B - ,  and C - p i l l a r s ,  both l ' e f t  door a r e a  pane ls ,  a n d  t h e  r o o f  r a i  1 .  
Maximum i n t r u s i o n  of 21 inches (roof  r a i l  ). 
D r i \ ~ e r ,  33 y e a r s ,  male, near s i d e ,  l a p  and s h o u l d e r  r e s t r a i n t s ,  was t r a p p e d  i n  -- 
\ ~ e h i c l e ,  OAIS-6 FATAL Avulsion, brain ( l e f t  s ide) - - roof  ra  i  1 ; C r u s h e d  c h e s t - -  
s t e e r i n g  assembly; Frac ture  of pe lv ic  area-- i  n t e r i o r  s i d e  sur face .  

CASE ,# 6704090lA-10 
1974 L i n c o l n  Mark I V  4 -door  w i t h  B - p i l l a r  s t r u c k  a  b r i d g e  r a i l  w i t h  t h e  l e f t  s i d e .  
The maximum p e n e t r a t i o n  was o v e r  18 a t  t h e  l e f t  f r o n t  door .  Bo th  t h e  r o c k e r  p a n e l  
and r o o f  r a i l  were engaged. 
CDC (Case V e h i c l e )  11 LDEW 9 
[ I e l t a  V ' s  Not  Computed 
COMFIE: NTS : 
The damage t o  t h e  v e h i c l e  was c a t a s t r o p h i c .  The l e f t  f r o n t  doo r  h i n g e s  a n d  1  a t c h  
a l l  separa ted.  The l e f t  door,  A - p i l l a r ,  and b r i d g e  r a i l  a 1  1  i n t r u d e d .  T h e  d o o r  
panel  i n t r u d e d  40 inches.  The body sepa ra ted  f rom t h e  frame, wh ich  appa ren t l y ,  b roke  
i n t c ~  two p a r t s .  The f l  o o r  pan sepa ra ted  f rom t h e  body. 
OCCUPANTS ( 4 )  : 
(Unknown i f  any were e j e c t e d )  
D r i v e r ,  3 1  y e a r s ,  nea r  s i de ,  unknown i f  r e s t r a i n e d ,  OAIS-6 FATAL. T r a n s e c t  i o n  o f  -- 
l o w e r  t o r s o  by unknown mechanisms. D r i v e r  c o n t a c t e d  s t e e r i n g  wheel and A -p i1  l a r .  
R i g h t  f r o n t ,  30  yea rs ,  f a r  s i d e ,  unknown i f  r e s t r a i n e d ,  s u s t a i n e d  A I S - 3  i n j u r i e s  
c o n s i s t i n g  o f  f r a c t u r e  o f  upper  f a c i a l  bones w i t h  a v u l s i o n  o f  s k i n ,  and f r a c t u r e  
of t h e  r i g h t  l eg .  The f a t a l  i n j u r y  i s  o f  unknown d e s c r i p t i o n  and d e t a i l s .  
L e f t  r ea r ,29  yea rs ,  nea r  s i de ,  unknown r e s t r a i n t ,  OAIS-6 FATAL. F a t a l i t y  r e s u l t e d  -- 
from crushed ches t  o f  unknown source. 
R i g h t  r e a r ,  2 9  y e a r s ,  f a r  s i d e ,  unknown r e s t r a i n t ,  OAIS-6 FATAL.  F a t a l i t y  f r o m  
u n s p e c i f i e d  i n j u r y  t o  l e f t  ches t .  Source unknown. 
Photograph u n a v a i l a b l e .  

CASES All - A38 
Car-Car or Car-Light Truck Crashes 

197'7 Buick LeSabre, 4-door with B-pillar was struck in the r i g h t  s i d e  by a Dodge 
Dari:. A maximum penetration o f  11 inches occurred a t  the right front door (low a n d  
center). The rear door a n d  quarter panel also received some di r e c t  danage. The 
door s i l l  was engaged l e s s  t h a n  t h e  f u l l  a m o u n t .  The roof r a i l  was not 
engdged. Both doors h a d  latch a n d  hinge damage. No opening. No ejection. 
Case Vehicle 
01 R Z E W  3 
Other Vehicle 
10 FDEN 3 
Delta V's Not Computed Not Computed 
COMMtiNTS : 
Inxn~sion - both door panels, window frame and B-pillar. Maximum i n t r u s i  on o f  11 
inches (r ight  front door). 
Driver, 33 years, fa r  side, unrestrained, OAIS-1. L a c e r a t i o n ,  f a c e  --unknown -- 
source; Lacerati on, knee--i nstrument panel. 
Riglit front,  72 years, near side, unrestrained, OAIS-6 FATAL. Pulmonary aneuri sm-- 
Arm rest ;  Contusion, right lung--Arm rest. 
wit rear, 70 years, near side, unrestrained, OAIS-4. Yultiple fractures, face--5- ~m Fractured thigh--arm rest ;  Laceration, face --B-pi1 la r .  

197'5 Fo rd  Mustang I 1  2-door ,  no uppe r  B - p i l l a r ,  was s t r u c k  i n  t h e  r i g h t  s i d e  b y  a  
Merlcury Comet. The damaged a rea  ex tended f r o m  t h e  f r o n t  wheel a rea  t o  j u s t  b e h i  n d  
t h e  l o w e r  6 - p i l l a r .  The s i l l  was engaged l e s s  t h a n  t h e  f u l l  amount. The r o o f  r a i l  
was no t  engaged b u t  had i nduced  damage. 
Case V e h i c l e  
02 RYEW 7 
To ta l  De l t a -V  2 7  mph. 
Long. De l ta -V -23 mph. 
La t .  De l t a -V  -13 mph. 
O the r  V e h i c l e  
11 FDEW 3 
3 1  mph. 
-15 mph. 
-26 mph. 
COMI'IE NTS : 
Riglqt f r o n t  doo r  l a t c h  re leased .  T h e r e  was  n o  e j e c t i o n .  I n t r u d i n g  c o m p o n e n t s  
i n c l u d e d  t h e  A-,  B-,  and C-p i1  l a r s ,  t h e  r i g h t  r e a r  doo r  area. The w o r s t  i n t  r u  s i  o n  
was t h e  r i g h t  f r o n t  doo r  wh i ch  pushed t h e  r i g h t  f r o n t  sea t  i n t o  t h e  d r i v e r ' s  a r e a  
and squeezed t h e  d r i v e r  between t h e  sea t  and t h e  l e f t  doo r  pane l  (Rema i n i  n g  s p a c e  
was 14 i nches  w ide ) .  The i n t r u s i o n  o f  t h e  r i g h t  f r o n t  doo r  measured 30 inches.  
D r i v e r ,  46 yea rs ,  female,  l a p  and s h o u l d e r  r e s t r a i n t s ,  was d e a d  a t  s c e n e .  No -- 
autopsy. P robab le  cause o f  death- -mass ive  c r u s h i n g  o f  i n t e r n a l  o r g a n s .  I t  i s  
known t h a t  t h e  upper r i g h t  arm was f r a c t u r e d .  

CASE # 1707062/A-13 
1973 Plymouth Duster 2-door with no upper 3-pi1 l a r  was struck i n  r i g h t  s i d e  by a 
Pontiac Catalina. The damaged area extended from the  right f ront  door t o  jus t  behind 
the  r ight rear  wheel. S i l l  engaged less  t h a n  maximum. Roof ra i l  engaged a n  unknown 
amount. The raximum penetration was 28 inches in the  r ight rear door area.  
CDC 
Case Vehicle 
04 RZEW 4 
Other Vehicle 
12 FDEW 2 
Total Delta-V 34 mph. 27 mph. 
Long. Delta-V +17 rrph. -30 mph. 
Lat. Delta-V -30 mph. +00 m p h .  
COMMENTS: 
The r ight  front door latch was damaged. There was no release o r  s e p a r a t i o n .  No 
ejections.  Intruding components - r igh t  front and r ight  rear  door a r e a s ,  A -  , 3- , 
and C-pi l lars ,  window frame and roof side r a i l .  Maximum i n t r u s i o n  of 19  i n c h e s  
(door panel ). 
Driver, 17 years,  no r e s t r a in t s ,  OAIS-3. Fractured right chest--steering assembly. --- 
Center f ron t ,  16 years,  no r e s t r a i n t s ,  OAIS unknown. Concussion--severity unknown, - 
source unknown; Fractured pel vi +-unknown source. 
Uht front ,  18 years,  no r e s t r a in t s ,  OAIS-6 FATAL. Crushing of h e a d - - r i g h t  r e a r  
window frave. Other in ju r i e s  of AIS 3-4 t o  abdominal organs--unknown source. 
Left rear ,  14 years ,  no r e s r ra in t s ,  OAIS-1. Complaint of pain i n  chest--=rant s e ? t  -- 
back. Contusion and pain, thigh and knee--other occupants. 
Center rear occupant, 16 years,  no r e s t r a i n t ,  ' IAIS-4.  Rup tu red  s p l e e n - - o t h e r  - 
occupants. i a c ~ r a t i o n  of 1 iver--side panel ; Contusion, rectum--siae panel. 

CASE i: 2710032lA-14 
1974 Mercury Capri 2-door with B-pillar, was struck in the l e f t  side by a Chevrolet 
pickup (112 t o n ,  4x4 with snow plow mount--no plow). The damaged area included t h e  
lefi; front fender and the l e f t  front door. The s i l l  was engaged t he  fu l  1 amount. 
The roof rail  was engaged less than the ful l  amount. The maximum penetration was 2 2  
inches ( l e f t  front door). 
Case Vehicle 
10 LYAW 4 
Other Vehicle 
12 FDEW 2 
'Total Del t a-V 2 9 18 mph. 
I-ong. Delta-V -15 mph. -18 mph.  
\.,st. Delta-V + 2 5  moh. 0 mph. 
COMMENTS : 
Lefi: door did not open. Latch a n d  hinge danlage u n k n o w n .  The r i g h t  door opened. 
Them were no ejections. Intruding components: Left front door pane l ,  A - p i  1 l a r ,  
window frame, a n d  roof side ra i l .  Maximum intrusion - 15 inches (A-pillar).  
Driver, 17 years, unrestrained, OAIS-6 FATAL, concussion, back of head--AIS-5, A -  -- 
pil lar .  
Right front,  17 years, unrestrained, OAIS-6 FATAL. Injury and  source u n k n o w n .  
Right rear, 15 years, unrestrained, Injury and source unknown. 

19715 C h e v r o l e t  Camero, 2  door ,  B - p i l l a r ,  was s t r u c k  by a  Bu i ck  E l e c t r a  i n  t h e  r i g h t  
sidle. The damaged a rea  ex tended f rom t h e  r e a r  o f  t h e  f r o n t  wheel t o  t h e  r e a r  o f  t h e  
passenger area. The s i l l  a n d r a i l  w e r e  d e f o r m e d  l e s s  t h a n  max imum.  Max imum 
p e n e t r a t i o n  of " o v e r  18 i n c h e s "  ha l fway  up t h e  l ower  B - p i l l a r .  
Case V e h i c l e  
02 RYAN 4 
Othe r  V e h i c l e  
1 1  FDEbI 3 
T o t a l  De l t a -V  22 nph 1 8  mph. 
Long. De l t a -V  -11 mph. -15 mph. 
L a t .  Del  t a -V  - 1 9  mph. t9 mph. 
C0MI"INTS: 
Riglht  doo r  l a t c h  damage. Door  d i d  n o t  open. ( D o o r  r e m o v e d  b y  r e s c u e  s q u a d  b y  
c u t t i n g  h inges . )  There  was a  p o s s i b l e  p a r t i a l  e j e c t i o n  (unknown p o r t a l ) .  I n t r u s i o n  
o f  r i g h t  door ,  r i g h t  r e a r  d o o r  area,  A - ,  B - ,  and C - p i l l a r s  and r o o f  r a i l .  F a x i m u m  
i n t r u s i o n  o f  24 i nches  ( r i g h t  f r o n t  doo r  pane l ) .  
D r i v e r ,  1 9  yea rs ,  u n r e s t r a i n e d ,  OAIS-2. Numerous m i n o r  i n j u r i e s  t o  h e a d ,  w r i s t ,  -- 
t h i g h  and chest--unknown source. 
R i g h t  f r o n t ,  17  y e a r s ,  u n r e s t r a i n e d ,  OAIS-5. Concussion, b ra in - -Roo f  r a i l  ; R u p t u r e d  
sp leen  .and l i v e r - - A r m  r e s t ;  F r a c t u r e d  hip--Arm r e s t ;  Contused lung- -Door  s u r f a c e ,  
R i  g i l t  r e a r ,  17 y e a r s ,  u n r e s t r a i n e d ,  OAIS-6 m. D i s l o c a t i o n ,  c e r v i c a l  s p  i n e - - E -  
o i l l a r ;  Contus ion,  b r a i n  ( A I S - 5 ) - - B - p i l l a r .  L a c e r a t i o n ,  a r t e r i e s  ( c h e s t  a r e a ) - -  
s i d e  su r face ;  A v u l s i o n ,  a r t e r i e s  (abdomen)--Side sur face;  R u p t u r e ,  u r o g e n i t a l  
t r a c t - - s i d e  su r face ;  F r a c t u r e d  , r i g h t  1  eg (1 o w e r ) - - s i d e  su r face .  
NOTII: T h i s  occuoant  e i t h e r  p a r t i a l l y  e j e c t e d  (unknown p o r t a l )  and became t r a p p e d  o r  
,was t rapped.  

CASE # 6703097/A-16 
1976 Ford P in to  2-door hatchback with B - p i l l a r  was s t r u c k  i n  t h e  1 e f t  s i d e  by a 
Che\rr.olet pickup. The maximum pene t ra t ion  Idas 23 inches a t  t h e  l e f t  f r o n t  d o o r .  
The door s i l l  was engaged l e s s  than t h e  f u l l  amount. The roof r a i l  was not engaged. 
Case Vehicle Other Vehicle 
C[)C 10 L O A N  4 02 FDEW 2 
Total Delta-V 47 mph. 22 mph. 
Long. Delta-V -23 m p h .  -11 mph. 
1.at. Delta-V +40 mph. -19 mph. 
COMMENTS : 
In t rus ion  - A -  and B - p i l l a r s ,  both door area panels ,  window f r a m e  a n d - r o o f  s i d e  
r a i l  Maximum i n t r u s i o n  of 23 inches ( B - p i l l a r ) .  L a t c h  a n d  h i n g e  damage .  No 
s e p ( ~ r a t i o n ,  no opening, no e j e c t i o n .  Unknown i f  d r i v e r  was t rapped.  No i n t  e r i  o r  
s l  ides--unknown i f  i n t r u s i o n  was a f a c t o r .  
Driver ,  22 y e a r s ,  near  s i d e ,  unres t ra ined ,  OAIS-6, FATAL. Unknown h e a d  i n j u r y -  - -- 
probable source i s  roof s i d e  r a i l .  

CAS'E #2 702039/A- 17 
1974 Pontiac Ventura 2-door with B - p i l l a r  was s t ruck i n  t h e  r i g h t  s i d e  by a L i n c o l n  
Continental .  Both r i g h t  door a reas  and t h e  q u a r t e r  panel received d i r e c t  damage .  
The door s i l l  and t h e  roof s i d e  r a i l  were coded a s  " e n g a g e d  l e s s  t h a n  t h e  f u l  1 
amount." I t  i s  poss ib le  t h a t  t h i s  i s  induced damage. The maximum p e n e t r a t i o n  was 
20 inches a t  t h e  leading edge of t h e  r e a r  door a rea .  
Case Vehicle 
02 RZEW 4 
'Total Delta-V 26 moh.  
Other Vehicl e 
11 FDEW 2 
Long. Delta-V -7 mph .  -16 m p h .  
Lat. Delta-V -25 mph. t 4  mph. 
COMMENTS : 
Right f r o n t  door l a t c h  and hinge damage. No opening, no e j e c t i o n .  I n t r u s i o n - - b o t h  
r i g h t  door are'a panels ,  B- and C - p i l l a r s ,  window frame and roof s i d e  r a i l .  Maxi m u m  
i n t r u s i o n  of 20 inches ( r i g h t  r e a r  panel) .  Role of i n t r u s i o n  unknown. 
Driver ,  64 y e a r s ,  f a r  s i d e ,  unres t ra ined ,  OAIS-3. F rac ture  and hemorrhage ( r i g h t  ) , -- 
chest--Unknown source. 
Ri tit f r o n t ,  66 y e a r s ,  near s i d e ,  u n r e s t r a i n e d ,  OAIS-6 FATAL. Unknown i n j u r y  and  9- 
source. Right f r o n t  occupant did contact  r i g h t  f r o n t  door panel.  

CASE #7802018/A-18 
1977 IFord Granada 2-door with B-pillar was s t ruck  i n  t h e  l e f t  s i d e  by a Ford 
Fairlane. The maximum penetration occurred a t  the l e f t  B-pillar ( 2 7  i n c h e s ) .  The 
door s i l l  and roof rail  were deformed about 70 percent of the maximum. This was t h e  
f i r s t  of two impacts. 
Case Vehicle 
10 LPEU 4 - - 
T'otal Delta-V 2 2  mph. 
L l ~ n g .  Delta-V -06 mph. 
L a t .  Delta-V +22  mph. 
Other Vehicle 
01 FDEW 2 
1 mph.  
-21 mph.  
-05 mph.  
COMMENTS : 
Left door impacted. Door opened with hinge separation. No ejection. Intrusion--A-, 
B-, C-pi1 la rs ,  roof side r a i l ,  l e f t  front window frame, both 1 ef t  door area panel s .  
Maximum intrusi,on of 22 inches. (B-pillar).  Intrusion probably d id  not i n c r e a s e  
severity of injuries. 
Driver, 55 years, near side, unrestrained, OAIS-6 FATAL Laceration and  hemorrhage, -- 
brain--Roof side rail  ; Laceration, chest arteries--Hardware; Laceration, 1 i v e r - -  
Arm rest ;  Laceration, lungs a n d  heart--side interior surface. 
Right front,  unknown age, f a r  side, u n r e s t r a i n e d ,  O A I S - 6  F A T A L  Contusion a n d  
hemorrhage, brain--unknown source; Laceration, liver--Instrument panel; Fractured 




1976 BMW 320 2-door  w i t h  B - ~ i l l a r  was i n i t i a l l y  s t r u c k  by an O ldsmob i l e  C u t l a s s  i n  
t h e  r i g h t  r e a r  ( 0 4  RBEW 3 ) .  T h i s  impact  a p p a r e n t l y  t h r e w  t h e  d r i v e r  backwards- -w i th  
s e a t  t r a c k  s e p a r a t i o n .  A t  t h i s  p o i n t ,  t h e  case v e h i c l e  s l i d  s i d e w a y s  i n t o  a  p o l e  
making c o n t a c t  i n  t h e  a r e a  o f  t h e  l e f t  C - p i l l a r .  The max imum p e n e t r a t i o n  was  1 2  
inches.  The r o o f  s i d e  r a i l  and doo r  s i l l  were engaged l e s s  t h a n  maximum. 
CDC (Case V e h i c l e )  09 LPAN 3 
T o t a l  De l t a -V  05 mph. 
Long. De l t a -V  00 mph. 
L a t .  De l t a -V  t.05 m ~ h .  
COMMENTS : 
L e f t  f r o n t  d o o r  no t  impacted and d i d  n o t  open. I n t r u s i o n - - l e f t  r e a r  doo r  area pane l ,  
C - p i l l a r  and window frame. Maximum i n t r u s i o n  o f  12 i nches  ( r e a r  p a n e l ) .  
D r i v e r ,  34  yea rs ,  n e a r  s i d e ,  l a p  and t o r s o  r e s t r a i n t ,  OAIS-6 FATAL .  L a c e r a t i o n ,  -- 
b r a i n - & p i l l a r ;  F r a c t u r e d  s k u l l - & p i l l a r ;  F r a c t u r e d  c h e s t  a r e a - - f r o n t  s e a t  
back. 
m h t  f r o n t ,  26 yea rs ,  f a r  s i d e ,  u n r e s t r a i n e d ,  OAIS-1. L a c e r a t i o n ,  l e f t  s i d e  o f  
face--window g lass ;  Contus ion,  s h o u l d e r s - - F r o n t  s e a t  b a c k ;  C o n t u s i o n ,  1  o w e r  
back- -Front  sea t  back. 

CASE # 2710007/A-20 
1974 F o r d  G a l a x i e  500 2-door  no upper  B - p i l l a r  was s t r u c k  i n  t h e  r i g h t  s i d e  b y  a  
C h e v r o l e t  Impala.  The d i r e c t  damage i n c l u d e d  t h e  f r o n t  and r e a r  d o o r  a r e a s .  T h e  
maxinium p e n e t r a t i o n  was 18 i n c h e s  a t  t h e  r e a r  o f  t h e  f r o n t  door.  The doo r  s i  1 1  w a s  
engaged an unknown amount. The r o o f  s i d e  r a i l  may have had some induced damage. 
Case V e h i c l e  
02 RPEW 3  
O the r  V e h i c l e  
1 1  FDEW 2 
T i ~ t a l  De l t a -V  19 mph. 1 8  mph. 
1.ona. De l t a -V  -09 mph. -16 moh. ., 
L.iit. De l ta -V  -16 mph. i.09 mbh. 
COMFIENTS : 
No ' latch o r  h i n g e  damage. Doors d i d  n o t  open. No e j e c t i o n .  I n t r u s i o n - - r i  g h t  d o o r  
pane ls ,  l o w e r  B - p i l l a r ,  C - p i l l a r ,  Maximum I n t r u s i o n  o f  9  i nches  ( r i g h t  f r o n t  d o o r  
panel  ) .  I n t r u s i o n  d i d  no t  i n c r e a s e  s e v e r i t y  o f  i n j u r y .  
OCCLIPANTS ( 4 ) :  
D r i v e r ,  30 yea rs ,  u n r e s t r a i n e d ,  OAIS-1. Con tus ion ,  r i g h t  c h e s t - - s t e e r i n g  assembly.  -- 
F r o n t  c e n t e r ,  3 y e a r s ,  f a r  s i d e ,  u n r e s t r a i n e d ,  Unknown OAIS. I n j u r y  unknown. --- 
R i g h t  f r o n t ,  54 y e a r s ,  nea r  s i d e ,  u n r e s t r a i n e d ,  OAIS-6 FATAL F r a c t u r e d  neck--wi  ndow 
g'lass; L a c e r a t e d  1 i ver--Arm r e s t ;  F r a c t u r e d  ches t  area--window frame; L a c e r a t e d  
l u n g - - I n s t r u m e n t  pane l .  
Cen te r  r e a r ,  2 y e a r s ,  nea r  s i d e ,  u n r e s t r a i n e d ,  OAIS-1. Concuss ion - - s i d e  i n t  e r i  o r  --
surface ;  L a c e r a t i o n s ,  f a c e - - i n t e r i o r  s i d e  sur faces.  

CASE # 6803023lA-21 
1975 Ford Granada 4-door with 8-pi l lar  was struck in the le f t  side by a Ford F-100 
pickup. Both l e f t  doors, the B-pillar, and  the lower C-pillar were damaged. There 
was some direct damage t o  the trunk area--but mostly induced damage. The s i l  1 and 
rail appear to  have been damaged. The amount was recorded as "unknown amount." The 
maximum penetration was 16 inches--centered in the l e f t  rear door. 
C D C  
Case Vehicle 
10 LZAW 3 
Other Vehicle 
01 FYEW 1 
Delta-V's Not Computed Not Computed 
COPIME NTS : 
Both l e f t  door latches were damaged. No release and  none opened. No e j e c t i o n .  
1nt.rusion--Both door panels, a n d  B-pi1 lar .  Maximum intrusion of 8 inches (rear door 
panc?l). Intrusion did not increase the severity of the injuries.  
OCC:llPANTS(l): 
Driver, 70 years, near side, unrestrained, OAIS-6 F A T A L .  F rac tured  ches t  a r ea  -- 
(bilateral )--side interior surface. Laceration--Head (1 ef t  side)--window gl a s s  . 
Death due t o  chronic, pre-exi sting heart and 1 u n g  condi tion--aggrevated by impact 
with interior surface. 

CASE # 1803071/A-22 
197); Vlrl Super  B e e t l e  2-door  w i t h  B - p i l l a r  was s t r u c k  i n  t h e  r i g h t  s i d e  b y  a  F o r d  
Thunderb i rd .  The damaged a rea  ex tended f rom j u s t  b e h i n d  t h e  f r o n t  wheel t o  t h e  r e a r  
o f  t he  r e a r  wheel .  The maximum p e n e t r a t i o n  ( 1 8  i n c h e s )  o c c u r r e d  j u s t  beh ind  t h e  B -  
p i 1  l a r .  The s i l l  was engaged l e s s  t h a n  t h e  f u l l  p e n e t r a t i o n .  The r o o f  s i d e  r a i l  
had some induced damage. 
Case V e h i c l e  O the r  Veh i c l  e  
1: I1 C  04  RDEW 4  11 FDEW 2 
T o t a l  De l t a -V  33 mph. 16 mph. 
Long. De l t a -V  00 mph. -14 mph. 
L a t .  De l t a -V  -33 mph. +08 mph. 
COMMENTS : 
R i g h t  f r o n t  doo r  impacted. L a t c h  damaged .  D o o r  d i d  n o t  o p e n .  No e j e c t i o n .  
I n t l w s i o n - - r i g h t  r e a r  doo r  area pane l ,  B - p i l l a r ,  C - p i l l a r ,  Roof s i d e  r a i l .  Maximum 
i n t r u s i o n  o f  11 i n c h e s  (pane l ) .  I n t r u s i o n  no t  a  f a c t o r .  
OCCUPANTS ( 1 ) : 
D r i v e r ,  30 y e a r s ,  f a r  s i d e ,  u n r e s t r a i n e d ,  OAIS-6 FATAL. D e t a i l s  o f  i n j u r y  unknown. -- 
i l c c o r d i n g  t o  E.R. r e p o r t ,  " P a t i e n t  was b l e e d i n g  p r o f u s e l y  f r o m  b o t h  e a r s , "  
l j ugges t i ng  seve re  head i n j u r y .  D r i v e r  d i d  c o n t a c t  r o o f  and r o o f  r a i  1  o n  r i g h t  
Side. 

CASE # 1703002/A-23 
1973 Dodge Dart 2-door B-pillar was struck in the r i g h t  s i d e  by a Chevro le t  E l  
Camino (pick-up car ) .  The damaged area included the right front fender ,  A-pi1 1 a r ,  
and door. The s i l l  was engaged the ful l  a m o u n t .  The roof rail  had severe induced 
damage. The maximum penetration was 10-18 inches at the right A-pillar. 
Case Vehicle Other Vehicle 
CDC 02 R Y A N  3 11 FDEW 3 
T o t a l  Delta-V 42 mph. 31 mph.  
Long. Delta-V -21 mph. -27  mph. 
L a t .  Delta-V -36 mph. +15 mph. 
COMMENTS : 
The right front door was jammed closed and was forced open af ter  the accident. The 
1 a t c . h  was damaged. There were no ejections. Intruding components: A-pill a r ,  r i g h t  
front: door panel, B-pillar, right rear door area, window frame and roof r a i l .  The 
maximum intrusion was 10 inches (A-pillar). 
Criver, 44 years, male, lap restraint only, OAIS-5. Ruptured k i d n e y s - - s t e e r i n g  -- 
assembly; Contusion, digestive system--Steering assembly; Concussi on, b r a i  n - -  
Unknown source; Fractured right shoulder--Instrument panel; Hemorrhage, abdorinal 
at-teries--steeri ng assembly. 
Righi: front, 44 years, female, lap restraint only, OAIS-6 FATAL. Lacerated brain--  
!\-pi1 la r ;  Fractured neck vertebrae--A-pi1 la r ;  Laceration, heart- - S  i  de i  nt e r  i  o r  
surface; Laceration, chest arteri  es--Side interior surface; Fractured pelvic /h i  p 
area--Side interior surface; Fractured chest area. 
Left; rear, 9 years, male, no restraints.  U n k n o w n  severity. Concussion, brain--Head -- 
restraints ;  Fractured thigh--front seat back; Fractured !dri st/ha n d -  - Fr o n t  s e a t  
:)a ck . 
Right rear, 17 years, female, no restraints ,  OAIS-5. Fractured neck v e r t e b r a e - -  
lmoact force; Concussion, brain--Side interior surface;  Frac tured  pel v 4 c / h i  p 
area--Side interior surface; Contusion, Urogenital area--Side interior s u r f  a ce ;  
Fractured chest area--Unknown source; Contused lungs. 

CASE # 5710018/A-24 
1976 Datsun 2802 2-door with B-pillar was struck in the right side by a Mercedes 450 
S. Extreme coll i sion damage plus, probable rescue team damage. Maximum penetration 
of 4.2 inches (right front door). The s i l l  a n d  rail  were l is ted as "not engaged." 
Case Vehicle 
02 RDEW 1 
Total Delta-V 33 mph. 
Long.  Delta-V -17 mph. 
[ .at .  Delta-V -30 mph.  
Other Vehi,cl e 
11 FDEW 2 
2 2  mph.  
-19 mph. 
+I1 mph.  
COMF1E:NTS : 
Right: front door impact. Latch damaged a n d  released. Hinge damage. Door d id  not 
open. No ejection. Intrusion--right front a n d  r i g h t  r e a r  door a r e a s  P,- a n d  B -  
pillars.  Maximum intrusion 35 inches (right front door panel). Incomplete data. No 
cont:acts noted due to severe internal damage. It seems 1 i kely t h a t  t h e  d r i v e r  
cont.acted passenger door area. Intrusion probably not a factor. 
Driver, 2 9  years, fa r  side, unrestrained, OAIS-6 FATAL Concussion, b r a i  n - - U n k n o w n  -- 
s~ource; Ruptured liver--Unknown source; Fractured ches t  a r ea  ( r i g h t  s i d e ) - -  
Llriknown source; Fractured skull--Unknown sou rce ;  L a c e r a t i o n ,  face--Unknown 
source; Abrasion, hand--Unknown source. 

CASE # 6701106/A-25 
19713 Chevrolet Impala, 2-door, No & - p i l l a r  was s t ruck  in  t h e  l e f t  s i d e  by a 
Chevrolet C-10 truck. The distributed side damage extended fron: t h e  r e a r  of t he  
frolit wheel t o  the back of the vehicle. The maximum penetration was just i n f r o n t  
of the C-pillar. The s i l l  a n d  rail  were engaged less t h a n  the maximum. 
Case Vehicle 
11 LDAW 3 
Delta-V's Not Computed 
Other Vehicle 
01 FDEW 3 
Not Computed 
COMMENTS : 
Both le f t  door areas damaged by direct contact. The l e f t  front opened w i t h  1 a t ch  
damage and re1 ease. Hinges were damaged--no separation. The driver was t r apped .  
The ejection--entrapment s i t u a t i o n  f o r  t h e  remaining occupants  i s  u n k n o w n .  
Intruding components--B-pi1 l a r ,  l e f t  rear door area, C-pi1 l a r  and roof s i d e  ra i 1 .  
Maximum intrusion of 18 inches (C-pillar). Intrusion n o t  a factor. 
OCCIJPANTS ( 5 )  : 
Driver, 20 years, near side, unrestrained, OAIS unknown, injury unknown. 
Front center, 5 5  years, fa r  side, unrestrained, OAIS-1, Strain, l e f t  ankle--unknown -
source. 
Fronl: right,  14 years, far  side, unrestrained, OAIS-6 FP,TAL Injury to head--probably -
from roof. 
Rear right,  4 9  years, f a r  side, unrestrained, OAIS unknown, injury u n k n o w n .  -- 
Fifth occupant position u n k n o w n ,  restraint usage unknown, OAIS unknown, i n ju ry  t o  
1 ~ ? f t  foot. 

CASE # 6708052/A-26 
1975 VIJ R a b b i t ,  2 -door  w i t h  B - p i l l a k  was s t r u c k  i n  t h e  l e f t  s i d e  b y  a  s m a l l  F o r d  
dump t r u c k  ( p i c k u p  c h a s s i s ) .  The d i s t r i b u t e d  s i d e  damage ex tended f r o m  t h e  f r o n t  o f  
t h e  v e h i c l e  t o  t h e  C - p i l l a r .  The maximum p e n e t r a t i o n  was  21 i n c h e s  ( l e f t  f r o n t  
d o o r - - c e n t e r  a t  b e l t l i n e ) .  The s i l l  and r a i l  were  engaged l e s s  t h a n  t h e  max imum.  
A f t e r  t h e  f i r s t  impact ,  t h e  case v e h i c l e  went o f f  t h e  r i g h t  s i d e  o f  t h e  r o a d  a n d  
r o l l e d  on to  i t s  r i g h t  s ide .  
Case V e h i c l e  O the r  V e h i c l e  
C:OC 11 LDAW 4  01 FYEN 1 
T o t a l  De l t a -V  39 mph. 13 mph. 
L.ong. De l t a -V  -34 mph. -11 mph. 
L.at. De l t a -V  t 1 9  mph. -06 mph. 
COMP4E NTS : 
Lef i ;  f r o n t  doo r  impacted.  L a t c h  and h i n g e  damage. Door d i d  n o t  open. No e j e c t i o n .  
I n t r u d i n g  components--A- and B - p i l l a r ,  l e f t  f r o n t  and l e f t  r e a r  d o o r  a r e a  p a n e l s .  
Maximum i n t r u s i o n  o f  21  i nches  (B -p i1  l a r ) .  I n t r u s i o n  p r o b a b l y  n o t  a  f a c t o r .  
D r i v e r ,  1 8  y e a r s ,  n e a r  s i d e ,  u n r e s t r a i n e d ,  OAIS-6 FATAL. Unknown i n j u r y  t o  b r a i n - -  -- 
I \ . - p i l l a r ;  F r a c t u r e  ( b i l a t e r a l ) ,  c h e s t  area and unknown i n j u r y  t o  l e f t  l u n g - - S i d e  
i n t e r i o r  su r face .  
R i g h t  f r o n t ,  1 9  y e a r s ,  f a r  s i d e ,  u n r e s t r a i n e d ,  OAIS-1. L a c e r a t i o n s ,  f a c e ,  head a n d  
forearm--Unknown source;  Pa in ,  neck and back-- Impact f o r ce .  
Right r e a r ,  1 9  y e a r s ,  f a r  s i d e ,  u n r e s t r a i n e d ,  OAIS-4. F r a c t u r e s  o f  l e f t  c h e s t  a r e a ,  
'-ea o f  f ace ;  A b r a s i o n  o f  l e f t  a rm--A l l  unknown source. 

CASE # 6802055/A-27 
1973 C h e v r o l e t  Monte C a r l o  s t r u c k  i n  r i g h t  s i d e  by  F o r d  LTD. V a j o r  damage :  B o t h  
r i g h t  doo r  a reas  Induced damage: S i l l  and r o o f  s i d e  r a i l ,  Maximum p e n e t r a t i o n :  2 9  
inches a t  r i g h t  f r o n t  doo r  edge. 
CDC 
Case V e h i c l e  
0 2  RZEW 5 
i o t a 1  De l ta -V  3 1  mph. 
Long. Del  t a -V  - 0 8  mph. 
L a t .  De l t a -V  - 2 9  mph. 
O the r  V e h i c l e  
12 FDEW 3  
t 3 1  mph. 
-30 mph. 
t 0 8  mph. 
COMMENTS : 
R i g h t  f r o n t  doo r  impacted,  l a t c h  and h i n g e  damage. R i g h t  doo r  d i d  n o t  open ,  L e f t  
f r o l i t  doo r  opened due t o  body d i s t o r t i o n .  No e j e c t i o n .  I n t r u s i o n - - B o t h  r i g h t  s  i d e  
d o o r  a rea  pane ls ,  B - p i l l a r  and r o o f  s i d e  r a i l .  iilaxirnum i n t r u s i o n - - 2 5  i n c h e s  ( B -  
p i 1  l a r ) .  I n t r u s i o n  p r o b a b l y  n o t  a  f a c t o r  i n  i n j u r y .  
D r i v e r ,  17  y e a r s ,  u n r e s t r a i n e d - - 0 A I S 5  c o n t u s i o n ,  b r a i n - - W i  n d s h i e l  d  F r a c t u r e  a n d  -- 
l a c e r a t i o n  o f  j aw- - Ins t rumen t  Panel  
wit f r o n t ,  15 y e a r s ,  u n r e s t r a i n e d ,  OAIS-6, FATAL Unknown i n j u r y ,  b r a i n -  - A -  p i  1  1  a  r 
Contus ion,  r i g h t  s i d e  c h e s t - - S i d e  s u r f a c e  Ab ras ion ,  uppe r  f a c e  - -A-p i1  l a r  

CASE # 6706057/A-28 
1973 Toyota  Corona 4 -doo r  w i t h  B - p i l l a r  was s t r u c k  i n  t h e  r i g h t  s i d e  by a  P l y m o u t h .  
The darraged a r e a  ex tended f r o m  t h e  f r o n t  wheel t o  t h e  C - p i l l a r .  T h e  max imum d o o r  
p e n e t r a t i o n  was 1 8  i nches  ( r i g h t  r e a r - - l o w  and c e n t e r ) .  There  was induced damage t o  
t h e  r o o f  r a i l  and d o o r  s i l l .  
Case V e h i c l e  
02 RYEW 3  
' L t a l  De l t a -V  3 8  rnph. 
Long. De l ta -V -19 mph. 
L a t .  De l t a -V  -32 mph. 
O the r  V e h i c l e  
11 FDEW 3  
23 mph. 
-20 mph. 
t 1 2  mph. 
COYME NTS : 
Bo th  r i g h t  doors  impacted. L a t c h  and h i n g e  damage. N e i t h e r  d o o r  o n  r i g h t  s i d e  
opened. L e f t  f r o n t  d o o r  opened due t o  body d i s t o r t i o n .  U n k n o w n  i f  d r i v e r  was 
e j e c t e d  a t  some t ime .  P robab l y  n o t  a t  f i r s t  impact .  D r i v e r  s t r u c k  and ben t  f l o o r -  
mounted s h i f t  l e v e r ,  c o n t a c t e d  r i g h t  A - p i l l a r  and g e n e r a l  a r e a  i n  r i g h t  f r o n t .  
T h e r e  w e r e  t w o  i m p a c t s .  I n t r u s i o n - - b o t h  r i g h t  d o o r  p a n e l s ,  A -  a n d  B -  
p i 1  l a r s .  Maximum i n t r u s i o n  o f  20  i n c h e s  ( r i g h t  r e a r  d o o r  p a n e l  ) .  I n t r u s i o n  n o t  a  
f a c t o r  i n  i n j u r y .  
D r i v e r ,  78  y e a r s ,  f a r  s i d e ,  u n r e s t r a i n e d ,  OAIS-6 FATAL Contus ion,  b r a i n - - A -  p i  1  1  a  r ;  --
Frac tu re , ,  r i g h t  c h e s t  area- -S ide i n t e r i o r  su r face ;  Contus ion,  r i g h t  1  u  n g - - S i  d e  
i n t e r i o r  su r face ;  O the r  u n s p e c i f i e d  i njur ies- -Unknown source.  

CASE # 1708046/A-29 
1977 Ford Mustang 2-door with B-pillar was s t ruck  i n  t h e  1 e f t  s i d e  by a Dodge 
Corclnet. The damaged area extended from the A-pillar t o  the C-pillar. The s i l l  was 
engaged less than maximum. The roof s i d e  r a i l  h a d  induced damage. Vaximum 
penetration of 20 inches ( l e f t  rear door area). 
Case Vehicle 
10 LPEW a 
Other Vehicle 
01 FDEW 2 
Total Delta-V 2 4  mph.  19 m p h .  
L o n g .  Delta-V -17 mph. -15 mph. 
L a t .  Delta-V t17 mph. 12 m p h .  
COMPIE NTS : 
Left, front door impacted. Latch damage. Door did not open. Driver ejected through 
unknown portal. In t rus ion- -B-p i1  l a r ,  1 e f t  r e a r  door a rea  panel and window 
frame. Maximum intrusion of 15 inches (door area panel). 
Driver, 29 years, near side, unrestrained, OAIS-6 F A T A L  Lacera ted  a o r t a - - S i d e  --- 
interior surface; Oiher unspecified injuries,  

CASE f 7709021/A-30 
1975 Peugot 504, 4-door with B - p i l l a r  was s t ruck i n  t h e  l e f t  s i d e  by a F o r d  6 0 0  
t ruck.  The damaged a rea  extended from t h e  f r o n t  wheel t o  j u s t  behind t h e  r e a r  wheel 
with t h e  g r e a t e s t  p e n e t r a t i n g  (12 inches)  a t  t h e  l e f t  f r o n t  door ( l o w  a t  t h e  r e a r  
edge). The s i l l  was engaged l e s s  than t h e  f u l l  amount. The r o o f  s i d e  r a i l  was 
engaged an unknown amount. 
CDC 
Case Vehicle 
10 LDAW 3 
Total Delta-V 15 mph. 
Long. Delta-V -6 mph. 
Lat.  Delta-V t15  mph. 
Other Vehicle 





Both doors impacted. Both w i t h  l a t c h  and hinge damage. N e i t h e r  l a t c h  r e l e a s e d .  
Doors did not open. No e j e c t i o n .  Intrusion--both door pane ls ,  A-  a n d  B-p i  11 a r s ,  
window frame, and roof s i d e  r a i l .  Maximum i n t r u s i o n  of 7 inches ( l e f t  f r o n t  d o o r  
pane l ) .  I n t r u s i o n  probably not a f a c t o r .  
OCCUPANTS ( I  ) : 
Driver ,  54 y e a r s ,  near s i d e ,  u n r e s t r a i n e d ,  OAIS-6 FATAL Lacerated h e a r t ,  ches t  a r e a  -- -
a r t e r i e s ,  hemorrhage of lungs. Fractured s p i n e  a n d  l a c e r a t  i o n s ,  u r o g e n i t a l  




1974 Saab 99 2-door  w i t h  B - p i l l a r  was s t r u c k  i n  t h e  r i g h t  s i d e  b y  a  C h e v r o l e t  
Ma l i bu .  The damaged a r e a  i n c l u d e d  t h e  r i g h t  f r o n t  f e n d e r  a n d  t h e  p a s s e n g e r  
compartment. The maximum doo r  p e n e t r a t i o n  was 33 i nches  ( e n t i r e  v e r t i c a l  s e c t i o n  
nea r  h i n g e ) .  The s i l l  was engaged l e s s  t h a n  t h e  f u l l  amount. The r o o f  s i d e  r a i l  
was engaged t h e  f u l l  amount. 
Case V e h i c l e  
02  RYAN 5 
I - o t a l  De l t a -V  29 mph. 
l o n g .  De l t a -V  -14 mph. 
[.at. De l t a -V  -25  mph. 
O the r  V e h i c l e  
1 1  FDEW 2  
20 mph. 
-18 mph. 
t 10  mph. 
COMMENTS : 
Di rec : t  damage t o  r i g h t  f r o n t  door .  L a t c h  damaged and re leased.  D o o r  o p e n e d .  No 
e jec : t i on .  H inge  damage--no s e p a r a t i o n .  I n t r u s i o n - - A - ,  B-, a n d  C - p i  1 1  a r s ,  r i g h t  
f r o r ~ t  and r i g h t  r e a r  doo r  a rea  pane ls ,  b o t h  window frames, and r i g h t  f r o n t  roo f  s i d e  
r a i l .  Maximum i n t r u s i o n  o f  30 i nches  ( r i g h t  f r o n t  doo r  p a n e l ) .  I n t r u s i o n  may h a v e  
been a  f a c t o r .  
D r i v e r ,  23 y e a r s ,  f a r  s i de ,  , u n r e s t r a i  n e d ,  O A I  S  FATAL F r a c t u r e d  v e r t e b r a e  -- -
(neck) - - Impac t  f o r c e ;  L a c e r a t i o n ,  r i g h t  l ung ,  l i v e r ,  r e s p i r a t o r y  s y s t e m ,  f r a c t u r e  
r i g h t  ches t  area, f r a c t u r e  p e l v i c  a rea - -S ide  i n t e r i o r  s u r f a c e .  

CASE # 6701081/A-32 
197E1 Toyota  C o r o l l a  2 -doo r  w i t h  B -p i1  l a r  was s t r u c k  i n  t h e  r i  g h t  s i d e  by  a  B u i  c k  
R i v i e r a .  Thedamage ex tended f r o m  t h e  A - p i l l a r  t o  t h e  r e a r  o f  t h e  v e h i c l e .  T h e  
s i l l  and r o o f  r a i l  were no t  engaged. The maximum p e n e t r a t i o n  (17 i n c h e s )  was i n  t h e  
r i g h t  r e a r  doo r  a rea  ( b e l t l i n e ,  nea r  t h e  B -p i1  l a r ) .  
Case V e h i c l e  O t h e r  V e h i c l e  
C,DC 02 RZMW 4 11 FDEW 1 
T o t a l  De l t a -V  26 mph. 15 mph. 
Long. De l t a -V  -18  mph. - 9  mph. 
t a t .  De l t a -V  -19 mph. 1 1  mph. 
COMMENTS : 
La tch  and h i n g e  damage. No r e l e a s e  o r  s e p a r a t i o n .  Door d i d  n o t  open; no e j e c t i o n .  
I n t r u s i o n - - r i g h t  f r o n t  and r i g h t  r e a r  doo r  a rea  pane ls ,  B -  and C - p i l l a r s .  Max imum 
i n t r u s i o n - - 1 1  i n c h e s  ( 8 - p i 1  Ta r ) .  
D r i v e r ,  30 y e a r s ,  f a r  s i d e ,  u n r e s t r a i n e d ,  O A I S - 1 .  A b r a s i o n ,  f a c e - - S t e e r i n g  -- 
assembly. Compl a i n t  o f  pa in ,  shou lde r - -O the r  occupant.  
F r o n t  c e n t e r ,  4 years ,  f a r  s i d e ,  no r e s t r a i n t  a v a i l a b l e ,  OAIS-2. L a c e r a t i o n ,  f a c e - -  --- 
rrli r r o r .  
F r o n t  r i  h t ,  5 y e a r s ,  nea r  s i d e ,  u n r e s t r a i n e d ,  OAIS-6 FATAL. F r a c t u r e d  s k u 1  1 a n d   kinju jury t o  b r a i n - - i n t e r i o r  s i d e  su r face .  

CASE # 5709027/A-33 
1976 Chevrolet Chevette 2-door with B-pillar was s t ruck  in  t h e  l e f t  s i d e  by an 
Oldrimobile 98. Direct damage t o  entire le f t  side with g r e a t e s t  p e n e t r a t i o n  (38  
inches) in the l e f t  rear door area. The s i l l  was engaged less  t h a n  t h e  maximum. 
The roof side rail  was n o t  engaged b u t  was subject to induced damage. 
Case Vehicle Other Vehicle 
C I) C 10 LDEW 6 Unknown 
Delta-V's Not Computed Not Computed 
COMFIE'NTS : 
Left, front door latch a n d  hinge damage. No release or separat ion.  Door d i d  n o t  
open. Door h a d  t o  be removed by r e scue  team t o  e x t r i c a t e  d r i v e r .  N o  
ejection. Intrusion--both l e f t  door areas, A -  a n d  B-pillars,  roof side rail a n d  l e f t  
front door window frame. Maximum intrusion--32 inches (1 e f t  rear door area panel ).  
Driver, 57 years, near side, unrestrained,  O A I S - 6  F A T A L  Ruptured h e a r t - - s i d e  --- 
interior surface; Fractured vertebrae--upper  back- -s ide  i n t e r i o r  s u r f a c e ;  
Contusion, brain--interior side surface; Fractured chest area (Bilateral ) - - s i d e  
interior surface; Fractured skull--side interior surface. 
Righ~t, front,  23 years, f a r  side, unrestrained, OAIS-3. Fractured j a w - -  I nstrument 
planel; Fractured l e f t  forearm. 

1975 F o r d  LD 4-door  w i t h  B - p i l l a r  was s t r u c k  i n  t h e  r i g h t  s i d e  b y  a  F o r d  W a l k - i n  
Van. The r i g h t  s i d e  o f  t h e  passenger compartment, t h e  r o o f  s i d e  r a i l ,  and t h e  r o o f  
were  damaged by d i r e c t  c o n t a c t .  A maximum o f  46  i nches  p e n e t r a t i o n  o c c u r r e d  j u s t  
f o r w a r d  o f  t h e  B - p i l l a r  a t  t h e  b e l t l i n e .  The s i l l  and r o o f  r a i l  were e n g a g e d  1  e s s  
t h a n  maximum. 
Case V e h i c l e  
03 RDAW 6 
T o t a l  De l t a -V  33 mph. 
Long. De l t a -V  00 mph 
Lat .  De l t a -V  -33 mph. 
O the r  V e h i c l e  
12 FDEW 5 




Bo th  r i g h t  doors  impacted. R i g h t  f r o n t  l a t c h  and h i n g e  damage .  No r e l e a s e ,  n o  
s e p a r a t i o n .  Doors d i d  n o t  open. No e j e c t i o n .  I n t r u s i o n - - b o t h  doo r  pane ls ,  A-, B - ,  
and C - p i l l a r s ,  and r o o f  r a i l .  Maximum i n t r u s i o n  o f  40 i nches  ( B - p i l l a r ) .  I n t r u s i o n  
p robab l y  no t  a  f a c t o r .  
D r i v e r ,  20 y e a r s ,  f a r  s i d e ,  u n r e s t r a i n e d ,  OAIS-6 FATAL F r a c t u r e d  neck  v e r t e b r a e -  - 
r o o f  s i d e  r a i l ;  f r a c t u r e d  s k u l l - - r o o f  s i d e  r a i  1 ; F r a c t u r e d  b a c k  v e r t e b r a e - -  
Unknown source; U n s p e c i f i e d  i n t e r n a l  i n j u r i e s .  

CASE #4706047/A-35 
1974 Dodge Monaco 4-door  w i t h  B - p i l l a r  was s t r u c k  i n  t h e  l e f t  s i d e  by a  Fo rd  C u s t o m  
500. The damaged a r e a  was p r i m a r i l y  c o n f i n e d  t o  t h e  l e f t  f r o n t  d o o r  w i t h  some 
d i r e c t  damage t o  t h e  A- and R-p i1  l a r s .  The s i l l  was engaged l e s s  t h a n  maximum. The 
r o o f  s i d e  r a i l  was n o t  engaged. Maximum p e n e t r a t i o n  o f  2 2  i nches  ( l e f t  f r o n t  doo r ) .  
Case V e h i c l e  
08 LYEW 3 
T o t a l  De l ta -V 16 mph. 
Long. De l t a -V  +08 mph. 
La t .  De l t a -V  +14 mph. 
O the r  V e h i c l e  
12 FZECJ 1 
16 mph. 
-16 mph. 
-04  mph. 
COMI4EPITS : 
Bot l i  l e f t  doors impacted. Bo th  w i t h  l a t c h  damage. L e f t  f r o n t  doo r  l a t c h  r e l e a s e d  b u t  
n e i t h e r  doo r  opened. E j ec t i on - -en t rapmen t  unknown. I n t r u s i o n  i n c l u d e d  1  e f t  f r o n t  
doo~p pane l ,  B -p i1  l a r ,  and window frame. Maximum i n t r u s i o n  was 23  i nches  ( l e f t  f r o n t  
doo~p panel ). I n t r u s i o n  p robab l y  a  f a c t o r .  
D r i v e r ,  75 years ,  nea r  s i de ,  r e s t r a i n t  usage gnknown, OAIS-6 FATAL. C r u s h e d  c h e s t  
( a l l  sys tems) - - s i de  i n t e r i o r  sur face;  Lace ra ted  l i v e r - - s i d x t e r i  o r  s u r f  a c e ;  
F r a c t u r e d  t h i g h ,  l a c e r a t e d  diaphragm, f r a c t u r e d  p e l v i  s - -S ide i n t e r i  o r  s u r f  a c e ;  
f ace  l ace ra t i on - -w indow g lass .  
R i g l i t  f r o n t ,  71 yea rs ,  f a r  s i d e ,  r e s t r a i n t  usage unknown, OAIS-1. C o n t u s i o n ,  r i g h t  




197!j Buick Skylark 2-door with B-pillar was struck in t h e  l e f t  s i d e  by a Dodge. 
Damaged area included the l e f t  front fender, l e f t  front door, a n d  l e f t  r e a r  door 
area. S i l l  was engaged less t h a n  maximum. The roof r a i l  was n o t  engaged. The 
mx.irnum penetration ( 2 6  inches) occurred a t  the lower right corner of the l e f t  front 
doot-. 
Case Vehicle Other Vehicle 
C[)C 10 L Y E V  4 Unknown 
[Ielta-V's Not Comp,uted Not Computed 
COMI1E:NTS : 
Left; front door impacted. Latch and hinge damage. No release. No separation. Door 
did riot open. No ejection. Intrusion--Left front and l e f t  rear door area panel s ,  
A- arid B-pillars and window frame. Maximum i n t r u s i o n  of 11 inches  ( l e f t  f r o n t  
panel ). Intrusion probably not a factor. 
Driver, 74 years, near side, unrestrained, OAIS-6 FATAL Lacerated artery ( c h e s t )  - - 
sl-ide interior surface; Fracture ( l e f t )  chest; Fracture (center) chest; F r a c t u r e  
( l e f t )  thigh; contusion, hip--Side interior surface. 

CASE # 270643lA-37 
19;'4 Chevrolet Vega 2-door with B-pil lar  struck in  l e f t  s i d e  by a 1973 P o n t i a c  
LeMi111s. The l e f t  rear  passenger compartment area and rear  quarter  panel a r e a  were  
struck. The crash was catastrophic with well over 18 inches of i n t r u s i o n  of t h e  
l e f t  rear side panel. Both rocker panel "area" and roof r a i l  were engaged. 
Case Vehicle 
10 LZEW 9 
Other Vehicle 
12 FYEW 3 - --- 
[ j i i ta -v  I S  Not Computed Not Computed 
COMMENTS : 
The ' left  rear s ide  panel, f loo r  pan, and drive t r a i n  sheared off .  These components 
were found "several hundred f e e t  from final  rest ing place." Considerable i n t r u s i o n  
of the  side panel occurred before complete separation. 
Dri\tt.r, 28 years,  near side,  unknown r e s t r a i n t ,  OAIS-1. Contusion of r igh t  s i d e  of --- 
the  head (source unknown) and l e f t  side of chest from door panel. Not ejected.  
Righi: f ron t ,  23 years,  f a r  side,  unknown r e s t r a i n t ,  OAIS-1. Contusion of 1 e f t  s i d e  
of face from windshield, r ight  side of c h e s t  and l e f t  s i d e  of abdomen from 
.instrument panel. Unknown i f  ejected.  
Left rear ,  3 years,  near s ide ,  unknown i f  res t ra ined,  OAIS-6 FATAL. Lacera t  i on  of 
brain with avulsion of r ight  s ide ,  contact unknown. Unknown i f  ejected. 
No photographs avail able. 

CASE # 2710029/A-38 
1977 P lymouth  V o l a r e  4-door  w i t h  B - p i l l a r  was s t r u c k  i n  r i g h t  s i d e  by a  F - 2 5 0  F o r d  
p ickup.  The c a t a s t r o p h i c  damage was t o  t h e  p a s s e n g e r  c o m p a r t m e n t  a n d  f o r w a r d .  
I n t r u s i o n  by t h e  hood o f  t h e  t r u c k  i n t o  t h e  r i g h t  f r o n t  passenger  compartment was 15 
inches.  The r o c k e r  pane l  was engaged f o r  p e n e t r a t i o n  (15 i n c h e s ) ,  and t h e  r o o f  r a i l  
was engaged w i t h  l e s s  i n t r u s i o n .  
Case V e h i c l e  O the r  V e h i c l e  
CD C 04  RYAN 4  12 FDEW 4  
D e l t a - V ' s  Not  Computed Not  Computed 
COMMENTS : 
The f r o n t  end o f  t h e  P lymouth  was sheared o f f  a t  t h e  r e a r  o f  t h e  i n s t r u m e n t  p a n e l ,  
expos ing  t h e  passenger compartment. The r i g h t  f r o n t  doo r  opened as a  r e s u l t  o f  t h e  
f r o n t  end removal  and l a t c h  sepa ra t i on .  Not  e j e c t e d .  
D r i v e r ,  40  y e a r s ,  f a r  s i d e ,  l a p - b e l t e d ,  OAIS-3. B i l a t e r a l  c o n t u s e d  l u n g s  f r o m  -- 
c o n t a c t  w i t h  i n s t r u m e n t  pane l .  O t h e r  m i n o r  a n d  m o d e r a t e  i n j u r i e s  f r o m  t h e  
i n s t r u m e n t  pane l ,  s t e e r i n g  wheel,  w i n d s h i e l d ,  and g l o v e  box area.  Not  e j e c t e d .  
m h t  f r o n t ,  47 yea rs ,  nea r  s i de ,  u n r e s t r a i n e d ,  OAIS-6 FATAL. F a t a l  i n j u r y  was l e f t  
s i d e  b r a i n  hemorrhage. A l s o  s k u l l  f r a c t u r e  A I S - 4 .  B o t h  f r o m  t h e  h o o d  o f  t h e  
p i c k u p  which i n t r u d e d  t h r o u g h  t h e  r i g h t  f r o n t  window. Not  e j e c t e d .  
No photographs a v a i l a b l e .  

CASES A39  - A46 
Car-Truck Crashes 

CASE # 6711107/A-39 
1978 Datsun 2802, 2-door with B-pi1 l a r  was en te r ing  a r e s t  area ( a t  high speed) a n d  
s l i ld  i n t o  t h e  r i g h t  r e a r  corner  of a parked S e m i - t r a i l e r .  The i n i t i a l  impact was in  
t h e  l e f t  f r o n t  door. The s i l l  was engaged l e s s  than t h e  f u l l  amount. The roof r a i l  
was engaged f u l l y .  The maximum pene t ra t ion  was 35 inches ( l e f t  f r o n t  door ) .  
Case Vehicle 
10  LZAW 5 
Other Vehicle 
Unknown 
Total Delta-V 38 m ~ h .  unknown 
Long. Del t a-V t 0 5  mph.  Unknown 
Lat. Delta-V' +38 mph. Unknown 
COMP4E NTS : 
Latch and hinge damage. Latch r e l e a s e d ,  no hinge separa t ion .  Doors did n o t  open, no 
e j e c t i o n .  In t rud ing  components: A- and B - p i l l a r ,  l e f t  f r o n t  door ,  window frame and  
roof s i d e  r a i l .  Maximum i n t r u s i o n  of 23 inches ( r a i l ) .  I n t r u s i o n  was a f a c t o r .  
Dr iver ,  31 y e a r s ,  near s i d e ,  unres t ra ined ,  OAIS-6 FATAL Fractured neck v e r t e b r a e - -  -- 
llnknown source;  Unspecified head injuries--Unknown source. 

CASE # 1803008/A-40 
1973 AMC Hornet 4-door with B-pillar was s t ruck  by a White F re igh t1  i  ner .  The 
t rac tor - t ra i le r  had jackknifed in such a manner that the t r a i l e r  was s t i l l  a1 igned 
with the roadway a n d  the t ractor  was a t  right angles t o  the on-coming t ra f f ic .  The 
unit was s t i l l  sliding in the original direction of travel when i t  struck t h e  case  
vehicle in the l e f t  side. The case vehicle was pushed backwards approximately 60 
feet where i t  struck a guard rail  with the right rear corner. The case vehicle then 
rolled over. 
Case Vehicle Other Vehicle 
CDC 11 LYAW 4 03 RFEW 4 
Del ta-V ' s Not Computed Not Computed 
COMMINTS : 
Botli l e f t  doors damaged by direct contact. Le f t  f r o n t  door--1 a tch  damage a n d  
release, hinge separation. Left front door ripped o f f .  Le f t  r e a r  d o o r - - l a t c h  
damdge a n d  release. Ejection through l e f t  front door. Intrusion--A- and B-pillars, 
bo t l i  door panels, b o t h  window f rames ,  and roof s i d e  r a i  1 ( l e f t  f r o n t  door 
panel). Maximum intrusion of 20 inches ( l e f t  front door p a n e l ) .  I n  t h e  i n i t i a l  
impact, the roof side rail  and the door s i l  1 were engaged 1 es s  than t h e  f u l  1 
amount. Intrusion probably a factor. 
Driwr,  . 2 4  years, near side, unrestrained, OAIS-6 FATAL Lacerated artery in chest-  - --- 
/\.-pillar; Lacerated liver--steering assembly; Lacera ted  a r t e r i e s - - r u p t u r e d  
diaphragm i n  abdomen--steeri ng assembly; Fractured sternum--steering assembly. 

CASE # 1803054JA-41 
1975 Plymouth Volare 4-door with B-pillar was struck in t h e  1 e f t  s i d e  by a Ford 
Tractor-Semitrailer. B o t h  l e f t  doors received direct damage. The door s i l l  and t h e  
roof side rail  were engaged less than the full  amount. 
Case Vehicle Other Vehicle 
CDC 0 9  LDAW 4 12 FDEW 1 
Delta-V's Not Computed Not Computed 
COFIME NTS : 
Both l e f t  doors impacted. Both with latch and hinge damage. None opened. Maximum 
penetration of 33 inches (upper right corner, l e f t  front door). Intrusion A - ,  B -  , 
a n d  C-pillars, both door p a n e l s ,  window frames a n d  roof s i d e  r a i l .  Maximum 
int;rusion--13 inches (B-pillar).  No ejection. Intrusion probably di d not i n c r e a s e  
severity of injuries. 
Driver, 42 years, near side, unrestrained, OAIS-6 FATAL Lacerated chest a r t e r i e s - -  -- 




1974 F o r d  Maver ick  2 -doo r  w i t h  B-p i1  l a r  was s t r u c k  i n  t h e  1  e f t  s i d e  by a  F o r d  
T r a c t o r - S e m i t r a i l e r .  The case v e h i c l e  r e c e i v e d  d i  s t r i  b u t e d  s i d e  damage .  T h e  
r ,axi  mum p e n e t r a t i o n  i s  unknown. 
Case V e h i c l e  
0 8  LDAW 4 
Othe r  V e h i c l e  
12 FDEW 3 
D e l t a - V ' s  Not Computed Not Computed 
COMI./IENTS : 
L e f t  f r o n t  d o o r  i m p a c t e d .  L a t c h  damaged  a n d  r e l e a s e d .  H i n g e  d a m a g e - - n o  
sepa ra t i on .  Door opened, e j e c t i o n  t h r o u g h  open door.  I n t r u s i o n - - L e f t  f r o n t  d o o r  
pane'l, B - p i l l a r  and r o o f  s i d e  r a i l .  Kaxirnum i n t r u s i o n  o f  20 i n c h e s  ( s i d e  r a i l ) .  
Ro le  o f  i n t r u s i o n  unknown. 
D r i v ~ ? r ,  1 8  yea rs ,  nea r  s i d e ,  u n r e s t r a i n e d ,  OAIS-6 FATAL -- 
R i g h t  f r o n t ,  6 y e a r s , f a r  s i d e ,  u n r e s t r a i n e d ,  OAIS-4. L a c e r a t e d  s p l e e n ,  C o n t u s e d  
k idney ,  Contused l e f t  l u n g ,  F r a c t u r e d  l o w e r  h e a d ,  F r a c t u r e  o f  p e l v i c  a r e a ,  
F r a c t u r e  o f  1  e f t  s hou l  der--Unknown source. 
No photographs a v a i l  ab le .  

CASE #1703020/A-43 
1973 P o n t i a c  Ven tu ra  2 -doo r  w i t h  B - p i l l a r  was  s t r u c k  i n  t h e  r i g h t  s i d e  b y  a n  
I n t e r n a t i o n a l  T r a n s t a r  I 1  T r a c t o r .  Wh i l e  t h e  damage ,  b y  d e f i n i t i o n  ( C D C ) ,  was 
" d i s t r i b u t e d "  t h e  maximum d e f o r m a t i o n  was c o n f i n e d  t o  t h e  passenger c o m p a r t m e n t .  A  
p e n e t r a t i o n  o f  " o v e r  18"  was r e c o r d e d  f o r  t h e  r i g h t  r e a r  doo r  area. The d o o r  s i l  1  
was n o t  engaged. The r o o f  r a i l  was engaged - - fu l l  p e n e t r a t i o n .  
Case V e h i c l e  
02 RDAW 4 
Othe r  V e h i c l e  
12 FDEW 6 
D e l t a - V ' s  Not  Computed Not  Computed 
COMFIE: NTS : 
Righi: f r o n t  doo r  impact .  L a t c h  damaged and re leased .  Door o p e n e d .  No e j e c t i o n .  
I n t r u s i o n - - A -  and B - p i l l a r s ,  b o t h  r i g h t  doo r  area pane ls ,  window f rame and r o o f  s i d e  
r a i l ,  Maximum i n t r u s i o n  o f  24  i nches  ( B - p i l l a r ) .  I n t r u s i o n  p r o b a b l y  a  f a c t o r .  
D r i v e r ,  65 y e a r s ,  f a r  s i de ,  u n r e s t r a i n e d ,  OAIS-6 FATAL L a c e r a t  i o n - - b r a i  n ,  1  i v e r ,  
' r i g h t  l ung ,  h e a r t ,  s p l  een--Source-side i n t e r i o r  su r faces .  
Righi: f r o n t ,  70 y e a r s ,  nea r  s i de ,  u n r e s t r a i n e d ,  OAIS-6 FATAL. L a c e r a t i o n - - c h e s t  
a r t e r i e s ,  l e f t  l u n g ,  stomach, s i d e  i n t e r i o r  s u r f a c e s .  L a c e r a t  i o n ,  1  i v e r - - a r m  
r e s t ;  F r a c t u r e  ( b i l a t e r a l  ) ches t  area - - s i d e  i n t e r i o r  s u r f a c e .  

CASE # 1711040/A-44 
1975 F o r d  LTD 4-door  s/w B - p i l l a r  was s t r u c k  i n i t i a l l y  i n  t h e  l e f t  f r o n t  b y  a n  
I n t e r n a t i o n a l  dump t r u c k .  The v e h i c l e s  t h e n  came t o g e t h e r  s i d e  t o  s i d e .  The t r u c k  
caught  f i r e  and burned o u t  t h e  cab comp le te l y .  The case v e h i c l e  a1 s o  c a u g h t  f i r e  
b u t  t h e  f i r e  was q u i c k l y  e x t i n g u i s h e d .  A t  some p o i n t  i n  t h e  sequence o f  events ,  t h e  
t r u c k ' s  dump box came o f f  t h e  chass i s .  Damage t o  t h e  case v e h i c l e  i n v o l v e d  t h e  l e f t  
f e n d e r  and b o t h  l e f t  doors.  The doo r  s i l l  was engaged l e s s  t h a n  t h e  f u l l  a m o u n t ,  
t h e  r o o f  r a i l  an unknown amount. The maximum p e n e t r a t i o n  was  g i v e n  a s  " o v e r  1 8  
i n c h e s "  a t  t h e  l e f t  r e a r  door.  
Case V e h i c l e  
CDC ( 1 s t  i m n a c t )  10 LFEW 4  
O the r  V e h i c l e  m 
8 r 
CDC (2nd impac t )  09  LZAW 5 03 RZEinl 1 
T o t a l  De l t a -V  ( 1 s t )  42 mph. 3 5  mph. 
Long. De l t a -V  ( 1 s t )  -21 mph. -30  mph. 
La t .  De l t a -V  ( 1 s t )  +36 mph. -17 mph. 
COF1FIE:NTS : 
B o t h  l e f t  doo rs  impacted w i t h  l a t c h  and h i n g e  damage. L e f t  f r o n t  l a t c h  r e l e a s e d  a n d  
d o o r  opened. No e j e c t i o n .  I n t r u s i o n - A - ,  B-,and C - p i l l a r s ,  b o t h  d o o r  p a n e l  s  a n d  
r o o f  s i d e  r a i l .  Maximum i n t r u s i o n  o f  18 i n c h e s  ( r e a r  doo r  panel  ). 
OCCUPANTS(1): 
D r i v e r ,  71  years ,  nea r  side, u n r e s t r a i n e d ,  OAIS-6 FATAL Unknown i n j u r y  and source. --- 

CASE # 1803044/A-45 
1975 Buick Skyhawk 2-door with B-pi l lar  was s t ruck  in  t h e  l e f t  s i d e  by a G M C  
Tractor. Severe damage t o  l e f t  side. Extent as sketched (no photographs), shows a t  
least 50 percent of vehicle crushed. Crush listed as "over 18 inches)." Si 1 1  a n d  
rail probably less t h a n  maximum. 
Case Vehicle 
09 LZAW 7 
Other Vehicle 
12 FDEW 
[)t!lta-V's Not Computed Not Computed 
COMMENTS : 
Left; front door a n d  latch damage. Latch did n o t  r e l e a s e ,  door did not open. 
Ejection of driver through unknown portal. Intrusion--A-, B-, C-pi1 lars ,  both door 
panels, and  roof side rai l .  Probably A-pillar had  most intrusion. Intrusion extend 
unknown. It i s  probable that the injuries were caused by the intrusion of t h e  s i d e  
of 1;he vehicle followed by the intrusion of the truck. 
Driver, 21 years, near side, unrestrained,OAIS-6 FATAL L a c e r a t i o n ,  b r a i n ,  c h e s t  -- 
arter ies ,  1 iver, lungs ( r igh t ) ,  spl een--unknown source; Fractured sku1 1--unk nown 
source. 
No photographs avail a h 1  e. 

CASE # 1705004/A-46 
1973 Mercury Montego,4-door w i t h  ~ - ~ i l  la; s t r u c k  i n  l e f t  s i d e  by a  F-700 Mack t r u c k .  
The c r a s h  was c a t a s t r o p h i c  w i t h  23 i nches  o f  i n t r u s i o n  o f  t h e  l e f t  f r o n t  door  i n  t h e  
c e n t e r  a t  t h e  b e l t l i n e .  The roof  r a i l  i n t r u d e d  40 inches.  The r o c k e r  p a n e l l s i l l  
a rea was n o t  engaged. 
Case V e h i c l e  
10  LZAW 4' 
O the r  V e h i c l e  
01  FDEW 6  
l l e l t a  V ' s  Not  Computed Not Computed 
COMF/II.NTS : 
The damage t o  t h e  l e f t  s i d e  a t  t h e  passenger compartment was massive. D i r e c t  damage 
a l s o  r e s u l t e d  i n  i n t r u s i o n  o f  t h e  l e f t  r e a r  door.  Both  d o o r s  o p e n e d  b e c a u s e  o f  
h i n g e  and l a p  sepa ra t i on .  Ev idence o f  occupant  c o n t a c t  was d e s t r o y e d  by . f i r e .  Two 
occupants  were e j e c t e d  t h r o u g h  unknown p o r t a l s .  A l though t h e  occupant c o n t a c t s  w e r e  
no t  g i v e n  by t h e  i n v e s t i g a t o r s ,  i t  appears t h a t  many o f  t h e  f a t a l  i n j u r i e s  a r e  f r o m  
t h e  i n t r u d i n g  t r u c k .  
D r i v e r  29 yea rs ,  nea r  s i d e ,  unknown r e s t r a i n t ,  OAIS-6 FATAL. F a t a l  i n j u r i e s  w e r e  -A 
l a c e r a t i o n  o f  t h e  b r a i n  and c e r v i c a l  s p i n a l  co rd ,  and b i l a t e r a l  c r u s h e d  c h e s t .  
i \ ' l so  r e c e i v e d  AIS-5 l a c e r a t i o n  o f  t h e  l i v e r  a n d  k i d n e y .  E j e c t e d .  I n j u r y  
a s s o c i a t e d  w i t h  e j e c t i o n  was no t  i d e n t i f i e d ,  n o r  was t h e  p o r t a l .  
Unknown p o s i t i o n ,  20 yea rs ,  e j e c t e d  f rom u n k n o w n  p o r t a l ,  O A I S - 6  FATAL.  F a t a l  - 
i n j u r i e s  were c rushed head and ches t .  A l s o  r e c e i v e d  AIS-5 l a c e r a t i o n s  o f  t h e  
' l i v e r  and k idney .  
Unknown p o s i t i o n ,  1 9  yea rs ,  OAIS-6 FATAL. F a t a l  i n j u r i e s  w e r e  l a c e r a t i o n  o f  t h e  -- 
b r a i n  and c e r v i c a l  s p i n a l  cord ,  f r o m  t h e  back. A l s o  r e c e i v e d  l a c e r a t e d  k i d n e v  
l ( / \ IS-5),  f r a c t u r e d  s k u l l  (A IS-4) ,  and c o n t u s i o n  o f  t h e  l u n g s  w i t h  h e m o t h o r a x  
(AIS-3).  Occupant n o t  e j e c t e d .  
Unknown p o s i t i o n ,  20 yea rs ,  OAIS-6 FATAL. F a t a l  i n j u r i e s  w e r e  l a c e r a t i o n  o f  t h e  - 
b r a i n  and hea r t .  A l s o  r e c e i v e d  l a c e r a t i o n  o f  l ungs ,  l i v e r ,  a n d  k i d n e y .  N o t  
f?;i e  c t  ed . 
Unknown p o s i t i o n , l 9  yea rs ,  OAIS-6 m. F a t a l  i n j u r i e s  were  comple te  t r a n s e c t i o n  a t  - 
upper  back, f r a c t u r e  o f  c e r v i c a l  sp ine ,  l a c e r a t i o n  o f  b r a i n ,  and 1  a c e r a t  i o n  o f  
hea r t .  Not  e j e c t e d .  
Unknown p o s i t i o n ,  19 yea rs ,  OAIS-6 FATAL. F a t a l  i n j u r i e s  were l a c e r a t i o n  o f  b r a i n ,  
cc? rv i ca l  s p i n a l  co rd ,  hea r t ,  a n d z s .  Not  e jec ted .  
No photographs a v a i l  ab le .  

CASES A47 - A 5 3  
C a r - T r a i n  Crashes  

CASE # 3706052/A-47 
1976 Buick Le Sabre 4-door with B-pi l lar  was s t ruck  in t h e  l e f t  s i d e  by a G M  
locomotive. The damage extended from the f r o n t  fender  t o  thg  r e a r  door. The 
maximum penetration was 37 inches (center at front door). 
Case Vehicle 
9 LDAW 4 
Other Vehicle 
Unknown 
[)t?lta-V's Not Comouted Not Cornouted 
COMMENTS : 
The hinges and  latches on both le f t  doors were damaged. There was no separation. The 
doors did not open. No ejection. Left front door intruded 37 inches. Driver's 1 egs 
pinned between door a n d  seat. Driver's feet pinned against foot c o n t r o l s .  Other  
intrusion--left rear door, A - ,  B - ,  a n d  C-pi1 l a r s ,  window frame,  roof r a i l .  
Intrusion a factor. 
Driver, 34 years, male, unrestrained, near side, OAIS-6 Avulsion of 1 iver a n d  --- 
arteries,  laceration of l e f t  rnediasti n u ~ ,  --train coupler. 

CASE # 3705077/A-48 
1973 Ford Mustang without B-pillar ran i n t o  the side of a moving train. T h e  vehicle 
was thrown 35 feet to the l e f t .  The right rear of the vehicle s t ruck  t h e  t r a i n .  
There was very l i t t l e  damage to the passenger compartment. The s i l l  and r a i  1 were 






No latch or hinqe damaqe. Riqht front occupant ejected through right front window-- 
u n k n o w n  i f  open: No intrusion. 
Driver, 16 years, far  side, unrestrained, OAIS-1. Abrasions,  f a c e  - - s t e e r i  n g  -- 
assembly. Contusions, head--steering assembly. Contusion,  knee--I nst  rurnent 
panel . 
R-&ht front, 17 years, near s ide ,  u n r e s t r a i n e d ,  O A I S - 6  F A T A L  Unknown in ju ry  
d T P o l  ice report--Sku1 1 fracture and extensive cuts andb ra s ion .  

CASE f 3703013lA-49 
19713 Ford Pinto, 2-door hatchback with B-pillar was struck on  the r i g h t  s i d e  by a .  
locomotive. The damage extended from the front of the vehicle to  the rear wi n d o w .  
Maximum penetration of 30 inches ( just  above s i l l  a t  the front edge of t h e  d o o r ) .  
The s i l l  was engaged less than maximum. The roof rail  was n o t  engaged. 
Case Vehicle Other Vehicle 
C D C  02 R Y E W  4 Unknown 
Delta-V's Not Computed Not Computed 
COMPENTS : 
Right front door impacted. Latch a n d  hinge damage. Door did not open. No e j e c t i o n .  
Intrusion--Both right door area panels, A - ,  B - ,  Cq i l  lars,  front window frame, roof 
side rail (induced). Maximum intrusion of 2 6  inches  ( r i g h t  r e a r  door a r e a ) .  
Intrusion may have been a factor. 
Driver,69 years, f a r  side, unrestrained, OAIS-2. Fracture, pelvic a r e a - - c o n s o l e ;  
C ~ ~ t u s i o n s ,  chest and abdomen areas (external)--Unknown source; Abrasion, t h igh ,  
wrist/hand, face--Unknown source. 
F i g h t  front, 84 years, near side, unrestrained,OAIS-6 F A T A L  Crushed ches t  a n d  




1975 O ldsmob i l e  98 & d o o r  was s t r u c k  i n  t h e  l e f t  s i d e  by a  l o c o m o t i v e .  T h e  e n t i r e  
l e f t :  s i d e  was damaged. The s i l l  and r a i l  w e r e  e n g a g e d  a n  u n k n o w n  a m o u n t .  T h e  
maximum p e n e t r a t i o n  was 38 i n c h e s  ( l e f t  r e a r  d o o r ) .  
Case V e h i c l e  O the r  V e h i c l e  
C[)C 10 LDAW 5' Unknown 
D e l t a - V ' s  Not  Computed Not  Computed 
COMFlE NTS : 
Bo th  l e f t  doors  impacted. L e f t  doo r  l a t c h  damaged and re leased .  Door  opened. L e f t  
r e a r  door l a t c h  damaged--did n o t  " re lease . "  L e f t  r e a r  h i n g e  s e p a r a t i o n  a n d  d o o r  
t o r n  o f f .  D r i v e r  ejected--unknown p o r t a l .  Unknown amount o f  i n t r u s i o n - - p r o b a b l y  a l l  
e l  enients on l e f t  s i de .  
D r i v e r ,  48  yea rs ,  nea r  s i d e ,  unknown, r e s t r a i n t  usage. OAIS-6 - FATAL Crushed h e a d -  - 
T i - T i 1  l a r ;  F r a c t u r e d  p e l v i c  a r e a - - s i d e  i n t e r i o r  su r faces ;  L a c e r a t i o n ,  s  h a u l  d e r - -  
s i d e  i n t e r i o r  s u r f a c e s ;  F r a c t u r e d  w r i s t '  and hand, a b r a s i o n , t h i g h  a n d  a b r a s i o n ,  
k n e e - - E x t e r i o r  o b j e c t s .  

CASE #6709054/A-51 
1977 Chevrolet  Monte Carlo 2-door with 6 - p i l l a r  was s t r u c k  b y  a 1 ocornot i v e .  T h e  
damaged a r e a  included t h e  r i g h t  f r o n t  fender ,  l e f t  f r o n t  and l e f t  r e a r  d o o r  a r e a s .  
The s i l l  was engaged l e s s  than t h e  f u l l  amount.' The roof r a i l  was engaged t h e  f u l  1 
amount. The maximum pene t ra t ion  was 31 inches ( l e f t  f r o n t  door) .  
C D C  (Case Vehicle)  09 LYAW 5 
Delta-V ' s  Not Computed 
COMI.IEI NTS : 
There was l a t c h  and hinge damage. The door d id  not open. No e j e c t i  on .  The  d r i v e r  
was 1:rapped. Both l e f t  door a reas  intruded a s  d i d  t h e  r o o f  r a i l .  The  maximum 
i n t r u s i o n  was 34 inches ( l e f t  f r o n t  door pane l ) .  
Driver ,  53 y e a r s ,  female, near s i d e ,  l a p  r e s t r a i n t  only, OAIS-6 FATAL Unknown in jury  --- 
t:o brain--Intruding locomotive; Frac ture ,  upper a r m - - S i d e  i n t e r i o r  s u r f a c e ;  
L.aceration, l e f t s i d e  of head--1ntrudi ng locomotive; Contusion, c h e s t - - S t e e r i  ng 
assembly; Contusion, lower leg--Unknown source.  

CASE # 6711094/A-52 
1973 AMC Ambassador 4 - d 0 0 r  w i t h  B - p i 1  l a r  was s t r u c k  i n  t h e  l e f t  s i d e  by a  
1 ocomotive. The damaged a rea  extended from t h e  f  ran t  of t h e  veh ic le  t o  approximately 
t h e  r e a r  wheel. Both s i l l  and roof r a i l  were engaged l e s s  t h a n  t h e  f u l l  a m o u n t .  
The maximum pene t ra t ion  was 37 inches a t  t h e  l e f t  f r o n t  door. 
CDC (Case Vehicle)  09 LDAW 6 
[)t:lta-V's Not Computed 
COMIYENTS : 
Both l e f t  doors had l a t c h  and hinge damage. No hinge separa t ion .  None o p e n e d .  No 
e j e c t i o n .  I n t r u s i o n  included,  l e f t  f r o n t  door panel ,  A- and B-pi1 l a r ,  window f r a m e ,  
roof s i d e  r ? i l .  Maximum i n t r u s i o n  o f  3 1  i n c h e s  ( l e f t  f r o n t  d o o r  p a n e l )  (No 
infl3rmation on i n t r u s i o n  of l e f t  r e a r  door panel . )  
Driver ,  73 y e a r s ,  u n r e s t r a i n e d ,  OAIS-6 FATAL. Unknown in jury  t o  bra i  n - -  i  n t  r u d i  ng -- 
rocomotive; Unknown i n j u r y  t o  ches t - - s ide  i n t e r i o r  s u r f a c e ;  Unknown i n j u r y  t o  
abdomen--side i n t e r i o r  sur face .  

CASE # 4701002/A-53 
1976 Toyota Corol la  2-door with B - p i l l a r  s t ruck i n  l e f t  s i d e  by a r a i l r o a d  t r a i n .  
Both t h e  roof r a i l  and rocker  p a n e l l s i l l  a r e a  w e r e  e n g a g e d .  P e n e t r a t i o n  and  
i n t r u s i o n  a r e  undefined because t h e  c a t a s t r o p h i c  crash severed t h e  c a r  a t  t h e  f i r e  
w a l l ,  with t h e  instrument panel remaining with the  f r o n t  s e c t i o n .  
Case Vehicle Other Vehicle 
C[)C 10 LYAW 9 U n c l a s s i f i a b l e  
Delta V's Not Computed Not Computed 
COMMENTS: 
The damage was c a t a s t r o p h i c .  In s p i t e  of t h i s ,  t h e  doors did not o p e n .  A1 t h o u g h  
both l a t c h e s  and hinges were damaged, they did not separa te .  Both t h e  rocker  p a n e l  
and roof r a i l  on t h e  l e f t  s i d e  were engaged. 
Driver ,  28 y e a r s ,  near s i d e ,  unres t ra ined ,  OAIS-6 FATAL. Fatal  in ju ry  was f r a c t u r e d  --- 
cerv ica l  ver tebrae  (AIS-60. Source of in jury  was coded a s  " o t h e r "  e x t e r i o r  t o  
pdssenger compartment. Ejected.  
No photographs ava i l  able .  

